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PREFACE. 



Experience has demonstrated, on more than one occasion, 
that knowledge of the technical details of Surveying is 
often deficient amongst junior practitioners, either because 
they have not had sufficient practice, or received from 
their seniors those friendly hints by which much of the 
knowledge acquired during many years of experience 
may often be imparted in a few words. This has led the 
Author of 'Land and Marine Surveying' to treat very 
fiilly, in the first chapters, of a number of details, on the 
understanding of which, though very simple in themselves, 
a combined accuracy and rapidity of operation mainly 
depend : these have been explained almost in the col- 
loquial language in which a surveyor would address his 
pupils and assistants in the field, and the more fully that 
the combination of accurate and quick work is indispen- 
sable to secure practice. The Author has next proceeded 
to elucidate, in the same manner, the subject of making a 
survey without any other instrument than a chain ; and 
this has been done in a series of examples, commencing 
with a single field, and gradually increasing in size and 
importance, up to large estates, and plans for engineering 
works. These preUminaries being made clear, even to 
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those who are entirely deficient of actual practice, the 
Author proceeds to explain the construction, adjustment, 
and use of the principal surveying instruments ; and as 
some knowledge of the application of Trigonometry is 
almost indispensable to a sound understanding of the full 
value of these instruments in the field, he has explained 
this appUcation before proceeding with the more im- 
portant branches of Surveying. It is only after the eluci- 
dation and discussion of all these matters, that he proceeds 
with similar practical details on the subject of those Eoad, 
Eailway, Harbour, and other Surveys, which the young 
practitioner generally hopes to obtain the management 
of in the course of his future career. 

Lokook: March 1868. 
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CHAPTER I. 

ELEMENTARY, 

CHAINS AND CHAINING ; GUNTER's CHAIN, THE 100 FEET CHAIN, AND THE 
D^CAM^TRE CHAIN ; ARROWS ; POLES AND RANGING RODS ; PRICKING OB 

BONING OUT CHAIN LINES — OFFSETS STATIONS — THE FIELD BOOK ; 

SYSTEMATIC METHOD OF KEEPING THE FIELD BOOK. 

This chaptee is written for those who are supposed to have 
had no practice whatever in Surveying, and, indeed, to know 
nothing whatever on the subject ; numerous technical details 
are given, which, therefore, to be of any service, must be 
of a purely elementary character : the reader will be able to 
determine for himself how far it will be necessary for him 
to read the first few following pages ; or whether he may 
skip them, and go on to other matter. 

CHAINS AND CHAINING. 

Chains. — There are two chains used by the land surveyor, 
besides the decametre chain — Gunter^s chain, and the 100 
feet chain : the first, which is quite peculiar to this country, 
is 66 feet in length, but divided into 100 linJcSy each of which 
measures, from centre to centre, 7*92 inches, every ten 
links being denoted by particular brass marks or * fingers/ 
Where the only object of a survey is to prepare a plan of an 
estate, and take out the quantities of land in acres, roods, and 
perches, Gunter's chain is the most convenient. 

The 100 feet chain is, as its name proclaims, 100 feet 
long ; it is divided into 100 links, each of which of course 
measures 1 foot from centre to centre ; every ten links is 
marked as in the former chain. This chain has gradually 
been • growing in favour with the English engineering sur- 
veyor, and is used ahnost exclusively for work done abroad. 
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unless by some legal enactment we are obliged to make use 
of metric measurements, in which case we employ the deca- 
metre chain, which is »J2'8 feet, or 10 metres long. 

The DScametre chain is also divided into 100 links, each of 
which measures a d^imetre, equal to 0*328 of an English 
foot. The very short length of this chain is somewhat 
against it, and, to overcome this objection, two d^cam^tre 
chains are very commonly fastened together; sometimes a 
double decametre chain is used, which is 65*6 feet long ; 
this also may be divided into 100 links of 0*656 length each 
from centre to centre. 

Where it is necessary to make use of the d^cam^tre chain, 
and there is none ready at hand, the Gunter's chain is some- 
times made use of, each link nearly corresponding to the 
double d^cam^tre, and as its whole length is only about 0*4 
of a foot longer than the double decametre chain, it is not 
very troublesome to make a corresponding allowance in the 
field work or in the plotting, at every five or ten chains ; it is, 
at the least, a very useful makeshift^ and as such has often 
been had recourse to. Where a dovhle d^camdtre chain is 
thus employed, a corresponding scale must of course be 
made use of. 

The advantages of a long chain over a short one are 
evident enough, inasmuch as the measure being longer, we 
have only to apply it fewer times in ascertaining the length of 
a line, than we must do with a shorter measure, thus avoiding 
so many chances of error. Thus, if we could measure a mile 
with a one mile measure, we should only have one chance of 
error ; but if we measure the mile with the 66 feet chain, 
we have to apply the measure eighty times, giving eighty 
chances of error instead of one ; and if we use the 100 feet 
chain, we shall only have to apply it 52'80 times, giving 
nearly 50 per cent, less chances of error than in using the 
Gunter's chain. Moreover, a considerable amount of time is 
saved in fixing the arrows in the ground, as in the one case 
we have only 52*8 instead of eighty to measure a mile. 

Again, we may observe that the only advantage of the 
Gunter's chain is the ready means of ascertaining acreage, 
for which it was originally intended, but it is quite inap- 
propriate for engineering purposes, inasmuch as to make 
use of links of 7*92 inches either for measuring or setting 
out any works, we must reduce feet or yards into the lengtliS 
of such links. We have known experienced surveyors use a 
double Gunter's chain, that is 132 feet long ; in wet weather 
it is heavy work to drag it. 

We believe that the retention of the Gunter's chain for 
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engineering purposes is due principally to the obstructive 
standing orders, but as we have not these to deal with out 
of this country, the 100 feet chain is used abroad more than 
any other, unless, indeed, as we have already observed, we 
have to make use of metrical measurements. 

Arrows. — Each chain is accompanied by ten arrows ; these 
are used to mark on each line chained the exact point, as 
regards length and direction, where each chain ends, and 
also the number of chains laid out. The arrows are made 
of stout iron wire, pointed at one end, and with a ring at the 
other, so that the whole ten may be conveniently carried on 
one finger. It will be found a good plan to sew a bit of red 
cloth or bunting to the ring of each arrow, as this not only 
makes the arrows much more readily visible in chaining 
through grass or other vegetation, but also in case of one 
being accidentally dropped about the ground, the bit of red 
colour makes it much more easily found. 

Poles and Ranging-Rods. — The surveyor should be supplied 
with a few poles and ranging-rods ; the distinction between 
the two is, that the first are generally much longer and 
stouter than the latter. We use poles in general surveying, 
ranging-rods being more generally employed in setting out 
lines. The few poles we use in surveying are very easily 
procured, being made of red pine, about 15 feet long, 2 
inches thick at bottom, and | inch thick at top, with the 
edges chamfered off for about 5 feet from the bottom. Every 
pole should be shod with a pointed iron shoe. Some sur- 
veyors have their poles rounded from top to bottom and 
painted white ; the paint is an improvement, as it makes the 
pole last longer, but we hardly consider the expense neces- 
sary, for it is the fate of surveying poles to be constantly 
lost, broken, or left on the ground, when a survey is com- 
pleted, for it is hardly considered worth while to send a man, 
perhaps half a dozen miles, to pick up a pole, left behind on 
the work. It is not indeed an uncommon thing to dispense 
with poles almost entirely, and to cut out of a copse or hedge 
a few of the tallest convenient sticks to be come at. We do 
not recommend this plan as one to be generally adopted, as it 
often occasions unpleasant quarrels with farmers. 

We prefer purchasing a bundle of laths, of which the 
chainman can, without any inconvenience, carry out a dozen 
or so in the morning when going to work ; being white from 
top to bottom, they are seen at a considerable distance, and 
are besides not apt to be mistaken for sticks often set up 
by farmer's men for their own work. 

Abroad, certainly, a different course is pursued ; poles are 

B 2 
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often considered an encumbrance ; many snrveyorB do not 
hesitate at cutting down young trees, and turning them into 
poles. 

This is often done before the owner's face, and without so 
much as asking his leave. We recommend a little consider- 
ation on the subject, as a great deal of iUwill is often 
occasioned by these practices among the people dwelling 
along the line of works ; this might be avoided by paying a 
few pence for the sticks required. Besides, much inconve- 
nience is often occasioned, for we often find that our poles 
are puUed up and stations obliterated at the first convenient 
opportimity. 

The young beginner should never forget that it is an im- 
I)ortant professional duty towards the undertaking with which 
he may be connected, to do all in his power to secure the 
utmost possible goodwill amongst the population in the district 
which the works may interfere with. A favourable prestige 
is often won by the observance of common civility only. 

Banging rods are shorter and slighter than surveying 
poles, and we never wish them to be more than about five or 
six feet long, about one inch thick at bottom, and about half 
an inch at top ; they should be painted red and white, in 
foot lengths, from top to bottom. The advantage of these 
colours is, that it makes them more conspicuous than they 
would otherwise be, and that portions of them are often per- 
ceptible through the foliage of a hedge. 

We do not often make use of them in surveying, but they 
are undoubtedly useful in setting out a line where the vege- 
tation is of any height. Surveying poles, and ranging rods 
also, when used for surveying purposes, should have a flag of 
red and white bunting fastened on at top. This flag should 
be well secured to the pole ; it should be about nine inches 
wide and fifteen inches long. We have already observed 
that, instead of making our poles round, we merely chamfer 
off the edges, and we consider this gives a man a better grip 
of the pole when driving it into the ground. 

In a country where the vegetation is tall, as, for instance, 
hop grounds, vineyards, fig gardens, orange groves, or where 
there is a good deal of copse, we advise the surveyor to have 
his surveying poles not less than twenty feet high, if he can 
procure the stuff to make them with, and as we always have 
ours tapering from two inches at bottom to three-quaiters at 
top, they are by no means heavy to carry about. 

Having now said so much about poles, which sometimes 
we cannot do without, we must also observe that the con- 
stant use of them would often involve great loss of time, as. 
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for instance, sending on a man half a mile or a mile, and 
often more, when there may be a tree, or chimney, or other 
conspicuous object on the ground which may answer the 
same purpose. Indeed, it is often worth while to make a 
slight alteration in the proposed direction of a surveying 
line, to avoid such loss of time ; for not only the man may 
have to be sent on, merely for setting up a i)ole, but the 
surveyor himself would have to wait until the i)ole is set up. 
It is of no slight importance for the young surveyor to 
accustom himself as much as possible to do with only a few 
poles, and to learn how to set out his lines so as to take 
advantage of objects already on the ground ; a poplar or fir, 
or even the black or white stem of a tree, a chimney or 
window in a house or cottage, the centre of a gate on high 
ground — any such objects will answer the purpose, with the 
further advantage that they are not readily removable, and 
may be found at any future time. For short distances we 
have even made use of a flower or conspicuous plant in a 
hedge. At the same time, however, it must be very dis- 
tinctly understood, that it is indispensably necessary that 
the object be very conspicuous, and that another may not be 
mistaken for it, particularly as the chaining proceeds. For 
instance, we may suppose a line started at the foot of a hill, 
and sighted on a chimney in the distance ; on reaching 
higher ground, two or three more may come in sight in close 
proximity to that selected, and although that selected will 
be higher than the others, care must be taken that no 
mistake is made, as a crooked line instead of a straight one 
would be the result. 

Whites, — The use of poles may often be avoided by using 
whites ; these consist of a few pieces of white paper stuck in 
the clefts cut in slight sticks cut from a hedge — about two or 
three feet long is quite sufficient. They are very convenient 
in setting out lines, where the fences are numerous or high, 
when vision of far objects is constantly obstructed as the 
chaining proceeds. Favourable positions, such as high 
ground, should be selected for setting out these whites ; on 
coming to such a spot, the surveyor should send a man 
forward with a few whites, with instructions as to the fields 
where these are to be set up. The surveyor remains on the 
high ground, taking care that he is exactly on the line, and 
as the man reaches the various spots where the whites are 
to be set up, the surveyor makes signals by holding up his 
right or left hand, which guide the man in setting up the 
white ; when it is exactly on the line, the surveyor holds up 
both hands together, and then drops both, suddenly, which 
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is the signal that the white is to be there driyen into the 
ground. The man then goes on into the next field chosen, 
perhaps two or three fields off, and the same operation is 
repeated. This is called pricking or honing out. 

Whites are also very useful in sighting a line through a 
copse, either forwards or backwards. • For instance, suppose 
that a line has already been chained forwards some eight or 
ten chains, and that we come to a copse through which the 
line has to be continued. Set up a pole at the beginning 
and ending of the part of the line already chained ; or if we 
see that we shall shortly lose sight of the backward pole, 
then set up two or three whites, exactly on the line, and 
about a chain or two apart, so that we shall see them on 
getting some little way into the copse; then commence 
setting up whites, only a few yards apart, and exactly in line 
with those left behind; the more numerously they are set 
up the better, so that as we advance into the copse, we shall 
have at least three to guide us in setting up the next. By 
these means, and using a little care, we have often set out a 
line through a wood for fifteen and twenty chains, so as to 
be able to continue the chaining. 

It is always well, under such circumstances, to select if 
possible some tree on the other side of the copse, under 
which we may see that the line will come out. We may do 
this before commencing the pricking out, and if we find at 
the end that the chain actually comes out under this tree, 
we may conclude that all is well. On coming to the other 
side of the copse, the line should be continued for some 
length, to give us the means of tying up the work ahead 
to the back-work. In these matters it is not always what 
we should like to do, but what we can do under the circum- 
stances ; and the sooner the young surveyor acquires the 
habit of doing these things imder difficulties, the better for 
his practice. It will of course be understood that we are 
not now referring to an actual working survey — in which 
case we should have power to cut a road right through the 
wood, without any further trouble; we refer to a preliminary 
or parliamentary survey, where, in the first place, we have 
no right to cut, where perhaps our surveying is barely 
tolerated, to say nothing of the loss of time which would be 
incurred in cutting a path. 

Where there is no tree or other object on the other side 
of the copse or wood, we have often sent two or three poles 
forward, with instructions that they should be tied together, 
and set up according to instructions, given by the voice 
instead of by signal, some three or four men being stationed 
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at short intervals apart; signals may thus be carried forward 
from the surveyor at one end of the line to the man at the 
farther end. We have known this work carried on at night 
by means of lanterns, and although not the most pleasant it 
is perhaps the easiest and surest way of all. 

Setting out Lines with Poles. — Some few practical hints may 
also be given on this subject, and before starting the men 
with poles, they should be taught how they are to manage 
them. 

Let us suppose, for instance, that after running a line for 
some length on an object in the distance, we see that we 
shall shortly lose sight of it for some 
time at least, because we are going 
down-hill into a valley. Let the sur- 
veyor consider himself as having reached point a, d being 
the far object. Let the assistant or chainman, who is to be 
sent forward with a couple of poles, understand that he is to 
go down in the bottom of the valley at about b, selecting 
some spot which you consider you can see all the way from a 
to B. Point out to your chainman some object not very for 
off the line, and let him understand that he is to make use 
of such object as the first approximate guide in setting him- 
self in line. Of course the object must be one that he will 
both see and recognise from b, for instance some remarkably 
shaped tree or large conspicuous bush ; this will save time, 
inasmuch as the man wiU at once know pretty well where- 
abouts he is to go to get on the line. Show him, also, how 
he is to hold the pole, which should be in the following 
manner : The chainman should face the surveyor, holding 
the pole before him with both hands, as he can then scarcely 
fail to hold it upright, which is of great importance ; he 
should not drive it into the ground when he first holds up 
the pole, and every time he moves it according to directions 
given by signal; on the contrary, the point of the pole 
should just touch the ground. Let him understand how you 
give your signals, and what they mean; if he is a new man, 
ascertain by trying him at a short distance, before you send 
him forward ; otherwise, after losing a quarter of an hour or 
so in making signals which he cannot xmderstand, you wiU 
have to call him back, as best you may, or go forward your- 
self to explain what you should have done before, and then 
return to a ; if b is any distance at all, you may thus lose 
an hour or two in very fruitless work. 

If you see a tall hedge or chimp of brushwood down the 
slope of the hill, between a and b, and do not perceive any 
natural object which can be chained upon, let the man 
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understand that he is to set up a white at such a place ; per- 
haps there may be two or three such places between a and b. 
When you have given all these instructions, and satisfied 
yourself that they are understood so far, point out to your 
chainman what he will next have to do before returning. 
This will be to plant a pole at somewhere about c, which 
should be sufiiciently high up the hill to enable you to see 
the far point d, when you shall have reached c ; probably it 
will be as well for him to understand that he will have to set 
up a white or two up the 8loi)e of the hill between b and c. 
Let all your chainmen well understand that they are never 
to leave a iK>le until it is well fixed in the ground, and 
standing i>erfectly upright. 

Do not suppose that you are wasting tim6 by making your 
chainman luiderstand as thoroughly as possible what you 
require him to do ; an intelligent chainman is a valuable 
assistant ; we have found sailors and soldiers make capital 
chainmen, and often much more useful for field work than 
men who have only been in an office. Before the man starts 
let him take forward with him all the traps you are not 
likely to require, which will leave yourself and your remain- 
ing men unencumbered, so that you will not so much miss 
the services of the man you have sent forward. 

Now let us suppose the man ofiF on his errand ; whilst he 
is on his road to B, you may be finishing your field work at 
about A, and sketching in your field book some small portion 
of the work towards b, not too much, or perhaps you may 
have to rub it out again. 

Let us now suppose the assistant has reached the place 
where he is to set up the first white, and that the point A is 
well in line. Observe that b is very much below the level of 
D ; in looking down at b, without something to guide the 
line of sight, it will not be very easy to set b correctly in 
line between a and d ; and we are now supposing ourselves 
to be at work without any theodolite at hand ; the best sub- 
stitute will be found to be a piece of twine, four or five feet 
long, with a heavy plumb-bob attached — we mean a heavy 
one, and not such a little pellet as is usually added by in- 
strument makers to the theodolite, and which vibrates with 
every breath of wind ; in short, a good lump of stone wiU 
do as well as anything. As soon as you have brought your 
chainman, roughly at first, but pretty nearly on Qie line, 
stand at about arm's length from a, with the plumb-line in 
hand, and the stone just hanging above the hole made by the 
pole at A, and which pole we suppose sent forward out of the 
way, bring the first white, by signals, in line with d 5 this done. 
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hold up both hands and then drop them, by which your assist- 
ant knows that you mean, * All right — drive it in there ! ' 

The man moves on, and you may venture to lay out a 
chain or two, take a few effects where required, and sketch 
in a little more work. 

When you see your assistant about to reach the next 
point, return to a, and repeat exactly what you have done 
before, and so on until your assistant has reached the point 
c. By this time you will probably not be very far from b, 
unless you have a good deal of field work to pick up, and 
your assistant may come back and meet you between b and 
c. Let it be observed that if you were to wait idle at 
A until all this were done, you would lose much valuable 
time. 

Whilst on the subject of surveying poles, we may make 
the following observations, which will prevent our having to 
return to the subject for some time to come. 

We will suppose we are pricking out a straight line, say a 
mile long, for a working survey, over nearly level ground, 
and that the ranging rods are to be set up at about every 
five chains. Evidently, after two or three poles have been 
set up, they will obscure the line forward, particularly at 
that level which we most require to see — that is, at the foot 
of every pole ; therefore, as soon as each ranging rod has 
been finally set up in line, either it should be taken up again, 
and a peg driven in its place, or it should be made to lean to 
the right or left, so as not to obscure the view forward. 
Either this first plan should be adopted, or else that of com- 
mencing the pricking out by the ranging rods being set up 
at the far end of the line, instead of at the beginning. In 
this latter case, it is not quite so necessary as in the former 
case to pull up the I'anging rods and drive pegs, or set 
them aside. The former course, however, is by far the most 
usual, and that which we always adopt. 

Chaining. — Without good chain-work there is no good sur- 
veying, and the accuracy of a survey will be in proportion to 
the correctness of the chaining. We shall, therefore, enter 
pretty freely into the details of this part of the work, and, even 
at the risk of appearing tedious and dogmatical, we shall en- 
deavour to mention everything connected with the subject. 

Whatever chain is used — ^that is, either the Gunter's or 
the 100 feet, or the decametre chain — there is no difference 
in the method of chaining. 

The first thing to do is to loosen the cord with which the 
links of the chain are bound together. Let this piece of 
cord be put in the pocket, because it wUl be wanted again at 
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the end of the day's work. It should be long enough to go 
six or seven times round the chain when put up, so that 
when an end of it is worn out, there may be still enough left 
to bind the links together. We always use a good strong 
strap with a buckle ; but some persons consider this extra- 
vagant. Now this appears a very trifling detail, but the 
neglect of it often causes much waste of time. Unless the 
chain is weU bound up, it is bundled anyhow into a bag, and 
the following morning it is with no little trouble and waste 
of time that the hundred links are disentangled. Indeed, 
the men often lose patience over it, and the chain often gets 
broken ; not a little time is then wasted in mending it. 

The strap having been put away, the two brass handles of 
the chain are taken in the left hand, the bulk of the chain 
being held in the right ; a few links are then loosened out 
of the right hand, and vdth a jerk the rest is cast out. A 
chainman goes up to the half-chain mark, when the two 
halves are readily parted, and the work may commence at 
once. Any other method often leads to the links getting 
tangled together in the manner we have just mentioned. 

Leader and Follower. — The management of the chain is 
intrusted to the * leader and follower,' the first being the 
person who drags or leads the chain ; the latter the one who 
follows^ and gives directions to the leader where to set his 
arrow. 

On starting, the leader takes the ten arrows in his left 
hand, and a handle of the chain in his right, and goes 
forward towards the pole* at the other end of Qie line. It is 
of importance that in going forward he should be taught the 
absolute necessity of keeping his eye on the forward object, 
as this prevents his wandering off the line. Adopting this 
practice from the first saves both time and labour to a greater 
extent than may at first be imagined. The follower remain- 
ing at the starting-point with the other handle of the chain 
in his hand will check the leader as he gets near the end of 
the chain. The follower should be made to understand this, 
because otherwise the leader will be constantly overrunning 
the length of the chain, which will then have to be pulled 
back, again causing loss of time and labour. 

On rea<3hing the end of the chain, the leader may turn 
round and face the follower, with an arrow and the handle of 
the chain in his right hand. 

The follower is standing over his end of the line, with his 
handle of the chain exactly at the starting-point. The ofi&et 
staff, of which we shall speak presently, being fixed here, 
will assist in getting a fair start. A stout peg should be 
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driven into the ground here, nnless the survey is commenced 
at some permanent mark, such as the foot of the tree, a gate 
post, or some such object. It is a good plan to leave a white 
also at this place, for reasons to be presently explained. 

Generally in practice the follower signals the leader, by 
bending his head right or left, which designates to which side 
the leader should hold his arrow. We suppose, for instance, 
the follower bending his head to the right. The leader moves 
his hand and arrow accordingly, probably too much. The 
follower will therefore have to lean his head to the left, and 
the inexperienced leader wiU very likely move back to where 
he was before, or nearly so. Tlus will occasion great loss of 
time, and the leader should therefore be taught from the 
beginning that in moving back to the right or left he should 
not move his hand or arrow more than half the distance he 
has moved before. This ensures the arrow being fixed in its 
place very speedily. 

Now all these things appear almost ridiculous trifles, and 
yet on* them entirely depends whether a surveyor does two or 
three hundred chains a day, or not half that quantity; so that, 
in fact, instead of being trifling, they are of the greatest 
importance to the day's work ; and not only this, but the 
men themselves have not half the labour to go through. 
Let your chainmen, therefore, understand from the first, 
and get into the following habits from the beginning. The 
leader, on starting with the chain in his hand, shoidd keep 
his eye on the forward object for which you are chaining. 
This prevents his wandering a long way off the line. WhUst 
the leader is walking forward, the follower should have the 
other end of the chain in hand, so as to prevent the leader 
from overrunning his mark. When the leader has come to 
his chain end, and is setting his arrow according to the direc- 
tions of the follower, he should only correct about half the 
error each time he moves his hand right or left, according to 
the directions given him by the follower. 

We now suppose the first arrow to be on the line, when 
the follower calls out * mark ' or * down,' at which signal the 
leader fixes his arrow firmly in the ground, unless, indeed, 
he happens to be on a road, when this cannot be done. In 
this latter case, he makes a cross at the point where the 
arrow should be, and lays the arrow down alongside of the 
cross. 

If there is no offsetting to do on this first chain, the signal 
to move forward is given by the surveyor saying * on.' The 
leader and follower both move forward, and both with the 
chain in hand, the leader steadily keeping in view the forward 
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object, the follower cheeking him at once if he wanders off 
the line. 

On comin^^ to the end of the second chain, what we have 
just mentioned alx)ve is reiH.*at<Hl — that is to say, about fixing 
the second arrow. Let us still suppose that there are no 
observations to book on this B(»cond chain, and that the word 
* on ' is again given. Tlie follower picks up his first arrow, 
and both chainmen move on as before. 

The end of the third chain being reached, the leader may 
save some trouble by setting himself very nearly on the line 
at once, by sighting himself by means of the last arrow left, 
and the white at the starting-point. If this is done, the 
follower will have but very few directions to give, if any. 
This work is repeated until the leader has expended his ten 
arrows, on driving the last of which into the ground he 
should never fail to call out ' change.' 

At this signal the surveyor walks up to the last arrow, and 
there drives in his offset staff. 

The follower comes up with his nine arrows. The surveyor 
counts them to see all is right. They are then handed to 
the leader, who also takes up his tenth arrow, the offset staff 
being left in the ground. If there be nothing farther to do 
on this chain the word ^ on ' is given, and all again move 
forward, and exactly the same thing is repeated as was done 
at the first chain. On taking up his offset-staff, the surveyor 
may have a white left, if there be one handy. 

On this subject it will be found a wise precaution always 
to have a few slips of paper in your jacket pocket. As they 
need not be more than about 3 inches by 2, they are not heavy 
to carry. In the same manner each of your chainmen should 
always have about them a few short sticks, about a foot long, 
and the slighter the better almost. By these means a white 
is easily left at every ten chains, without having to look 
about for a stick. They need not be more than a foot long, 
because if they stand up high in the ground, they will be 
very conspicuous, and some one with nothing better to do 
will be sure to go and pull them up. 

The object of this precaution is as follows : A surveyor 
on commencing a survey will have a lot of new men about 
him, whom he has not yet had time to instruct, and although 
he will keep his eyes sharply about him, some blundering 
may occur, particularly if he himself be not a well-experienced 
man. Suppose, for instance, that after chaining some thirty 
or forty chains, it is found that an arrow is missing. If no 
marks have been left behind, perhaps in a perfectly open 
country — as, for instance, a common — there will be nothing 
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left as a remedy but to begin the whole of the work over 
again. The precaution we have mentioned prevents such a 
vexatious waste of time. 

In describing the above method of chaining, it will be ob- 
served, that the leader, on coming to the end of his chain, 
turns about and faces the follower to receive his instructions 
and follow his signals ; the men generally prefer this way of 
working, because it is less laborious than that we are about 
to describe, but we do not think it quite so accurate, as, for 
instance, for working surveys, though quite sufficiently so 
for preliminary surveys, unless there be very great careless- 
ness. 

In the method of chaining we are now about to describe, 
the leader, on coming to his chain end, instead of facing 
right about, stands sideways on the chain, and thrusts out 
his right hand, holding the arrow and chain handle. To get 
the arrow into line, the follower calls out * to you ' or * from 
you,' according as he wants the arrow right or left. There 
is, however, some difficulty with the men at first to get them 
to adopt this plan, and a good follower is required to carry 
out this method properly. 

Necessarily if we want accurately the length of a mile 
of country, we must measure it with care ; we may, however, 
be too fastidious, and thus consume a great deal too much 
time in doing a thing too well, or rather too fastidiously. 
For instance, in chaining over a rough country, through 
hedges and ditches, through farze and ploughed ground, it 
is quite impossible, vdthout adopting special means, to make 
the chain lay in a mathematically straight line ; the mere 
roughness of the ground will prevent it. Notwithstanding 
this, men who are new to the work, and often the best men 
because they are earnestly disposed to be careftd, insist on 
their chainmen planting every arrow exactly on the line, to 
an inch. This is unnecessary, and leads to an immense waste 
of time, and is very fatiguing and harassing to the men. 

That, however, which it is important to observe is, that 
every aiTow shall be held upright both by leader and fol- 
lower, and that the chain handles shall be held touching the 
arrows as every chain is laid ; this is much more important 
in getting the true length of a line, than over-fastidiousness 
as regards the precise direction of the arrows. 

Supposing that what we have hitherto said on the subject 
of chaining has been practically digested, we will now refer 
to chaining in hilly country. 

On measuring up or down the side of a hill, we do not, 
in surveying, require the length of the sloping line, but the 
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length of the horizontal base. The method usually adopted 
for chaining on sloping ground is called * stepping^* for 
instance, supposing that we are going up hill, the leader will 

stand at haJf or quarter chain, with 
^Ijj^- jjjg hand close on the ground ; the 

^^^lll^^l follower, on the contrary, will hold 

^^||^^ hisend of the chain up to his breast, 

^^^I^J but taking great care that he 
^^J^^ stands exactly over the right place 
for the chain end ; to do this pro- 
perly, the follower should hold the offset staff*, or a pole, 
plumb over the precise spot ; the first half or quarter chain 
being thus laid out, the follower lets go his end of the chain, 
but the leader holds on fast to the ground the half or 
quarter chain he has had in hand. The follower walks for- 
ward to the leader, fixes the point of the offset staflF in the 
proper place, and the leader walks forward to take up the 
three quarter or other end of the chain. By the time he 
has done this, the follower will have fixed his staff plumb, 
and wiU be holding up the chain breast high, and the leader 
will only have to tighten the chain and obey the follower's 
directions as to position on the line. Of course if we were 
going down hill instead of up, the leader should hold up the 
chain instead of the follower, in which case it is the former 
who should be supplied with the offset staff. It will be 
understood that in referring to quarter, half, and three- 
quarter chain, we allude to the degree of steepness of ground. 

We have been particular in describing the method of 
stepping, because if not done properly, it is better left alone. 
The safer mode of making the necessary allowance in 
chaining up or down hilly country, and which we always 
adopt, because it is the easiest as well as the surest, is to 
take the angle of inclination, and make the allowance ac- 
cordingly. 

It is quite unnecessary to use any formidable instrument 
for taking the angle or making any calculation for ascertain- 
ing the necessary allowance. A little bit of cardboard is all 
that is required ; it is graduated to degrees, and the cor- 
responding allowance in links is marked opposite to the de- 
grees ; a little plummet hangs from the centre. You stand 
at your chain end, whilst your leader stands at the other ; 
you look at his face, along the diameter of the little semi- 
circle, and your chain follower reads ofiF the allowance 
marked by the little plumb-line ; the arrow is to be moved 
forward so many links accordingly. The greater the incli- 
nation of the ground, the less will be the corresponding 



OFFSETS. 



15 



horizontal distance ; or the greater the angle of inclination 
the less the cosine. The plumb-line marks the difference 
between the length of the sloping gronnd and that of the 
horizontal distance for one chain. 




OFFSETS. 

Offsets in snrveying are measurements taken from the 
chain to any object on the right or left, as, for instance, an 
angle or a bend in a fence, stream, or road ; to a junction of 
fences, or the comer of a build- 
ing, &c. Offsets are always taken 
at right angles to the chain, be- 
cause this fixes them in direction 
as well as distance in reference to 
the chain line. For instance, in 
the annexed figure, la, 2 6, 3c, 
4 dy and 5 e, are offsets to the cor- 
ners of a building lying to the 
right of the chain line ab ; if 1, 
2, 3, 4, and 5, are given positions 
on tiie chain line, from which ver- 
ticals of given lengths would fall 
on the angles a, 6, c, d, e, it is 
very evident that we have only to 
mark off 1, 2, 3, 4, and 5, on paper, 
say 10, 20, 30, 40, and 50 Imks, and from these points draw 
verticals, each equal to 1 a, 2 6, &c., in order to lay down 
all the angles of the building on paper, accurately as regards 
direction and distance with reference to the chain, and 
similarly with regard to the bends in the fence at /, y, and 
hy ard also the junction of fences at i. 

It is by the c&stance on the chain, the right-angled direc- 
tion of tiie offset and its length, that we are enabled to fix 
its position on paper exactly as it is on the ground. 

This being understood, we may now refer to the subject 
of taking offsets, by means of which we fix all the details of 
a survey. 

We may suppose, for instance, that we have been chaining 
on, expended a given number of arrows, and just laid the 
last chain a b. 

The first thing to do is to sketch in the position of the 
building ; the next is to ascertain the number of the chain 
on which the offsets have to be taken ; to do this enquire of 
your chain follower * How many arrows ? ' On getting the 
answer, suppose six, you know that the offsets are to be 
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taken on the sovenili chain ; to be certain, however, that your 
f()ll(»ver has made no mistake, and that no accident has oc- 
curred, ask your leader, * llow many arrows ? * his answer will 

be ' four,' if all is ri^lit. 

The first oflsrt, ihen, will be at 610, that is to say, if there 
has lx»eu lU) i»n»vious ' clian^e.' But if there has been a 
clian<;e of arrows — lliat is, if ten chains have been laid pre- 
viously—then the iirst offset will be at 1,610, and so on, if 
there have lx?en already two or three changes. Evidently, 
therefore, it is necessary that every change should be 
booked, as 1,000, 2,000, :{,000, Ac. 

With reji^rd to finding the position on the chain where 
the offset should be taken, stand sideways on the chain, and 
move backwards or forwards, until you come to the point 
from which a vertical points to the angle or bend to which 
the offset is to be taken. 

Offsets may be measured by pacing, with the tape, or with 
an offset stafi*; we prefer the last, although for preliminary 
or parliamentary work, we g<»nenilly measure by pacing, and 
the student will find that after a little practice he can mea- 
sure his offsets by pacing, quite as near as he can plot the 
work ; of course it is understood that we have got ourselves 
into the habit of pacing a yard at every step. The offset 
stafiF will, however, be found exceedingly useful in deter- 
mining correctly the point from which the vertical will 
lead exactly to the point required. We have set out offsets 
300 feet long with the offBct staff, and to make sure of the 
work we have several times tested the right angle with the 
sextant, without finding any appreciable difference. 

The off^set staffs is besides useful for other purposes. For 
the Gunter's chain it is made ten links long, that is, 6'6 feet, 
when it makes a very useful leaping-pole. For the 100 
feet chain the offset staff' is made 5 feet long. It is shod at 
one end with an iron shoe steeled at the point. At the 
other end it has a shoe with a cleft in it, and a small 
hook ; both these are useful, to attach the chain thereto in 
order to push or drag it through a hedge, exactly at that 
point which is on the chain line. It is a bad plan to throw a 
chain over a hedge, because generally this method gives 
very bad chainage. On long lines, on which there are nu- 
merous fences, a good precaution is to leave here and there 
a white in the hedge ; this is done by passing a twig through 
a slip of paper and making a loop at the end of the twig to 
prevent the paper slipping off; when engaged upon works 
for which we had previously made the surveys, we have 
found some of these marks remaining, when every vestige 
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in the shape of pegs driven in the ground, and broad arrows 
or triangles cut in the grass, had ^sappeared. 

STATIONS. 

Stations are certain marks which we leave in the ground 
along the various chain lines, to which we have to refer at 
a future opportunity. On an extensive survey, which may 
last some months, it is necessary that these marks should be 
more or less permanent. In arable lands there is no other 
way than driving a stout peg, and the chances are that it 
will be soon ploughed up. 

Stations in grass lands are generally much more perma- 
nent ; they may be made in eitiier of the 
three following manners — a triangle, a /\ .^V""""\ 
broad arrow, and a crow's foot. £i the 
first and third, the exact station mark is considered to be in 
the centre, whilst for the broad arrow it is considered to be 
at the junction of the three lines. 

In woods and copses we do not require stations, unless the 
line is just on the outskirts of a wood ; but it is always 
advisable to leave a few marks, in the shape of whites, on 
which the chainage may be marked in pencil. We may also 
here and there cut off a slip of bark from a branch, but so 
as to avoid mischief, which irritates landowners, farmers, and 
game-keepers more than is readily conceivable. 

We particularly recommend the young surveyor to avoid 
cutting holes and gaps in fences, as it is pretty sure to cause 
unpleasantness, and very often leads to his being warned 
off the ground, a threat which a powerful landowner or 
wealthy farmer has not much difficulty in carrying out, and 
for which there is every excuse where wanton mischief has 
been committed. Besides all this, cutting gaps is sheer 
waste of time. A hole through a hedge no bigger than a 
man's hat, is as sufficient for the purpose of seeing, as a gap 
as big as a bam door. Let it be remembered that a gap cut 
in a quickset hedge takes many years to repair, and that 
even then, it will leave an unsightly mark in a perhaps hand- 
some fence of thorns or evergreens ; and a little consideration 
will make it evident, that farmers and landowners cannot be 
otherwise than irritated at such unnecessary damage done to 
their property. We have more than once seen such wanton 
mischief done in this way, that we have wondered the far- 
mers have had sufficient patience not to take very summary 
means of stopping it. 

There is another slight matter of this kind, to which we 
wish to call the attention of young surveyors ; and that is to 

c 
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take care, with rop^ard to himself and his men, that gates 
be not left open; when this is not attended to, cattle often get 
loose and do great dama<^e, for which he may be liable. 

As we have already observed, stations are left for fdture 
reference. They are so many points from, to, or through 
which side lines are chaiued for picking np the fences, streams, 
roads, buildings, &c., lying at some distance off the base 
lines of the survey. 

On road, railway, or canal surveys, where the engineering 
surveyor is only for a few days in a locality, the marks left 
need not be of a very enduring character ; indeed, if he takes 
the precaution of leaving a white at a fence crossing, with 
the chainage written upon it, and fastened in the manner 
we have already mentioned, perhaps nothing more is neces- 
sary for him to be able to find the spot a day or two after ; 
it saves driving pegs or cutting marks in the ground. He 
should take care, however, to leave another white, on the 
line, in the next fence, so that the one may be seen from the 
other, as by this means he easily finds the line when he 
requires to do so, and by measuring ofiF any distance from 
either of these points, he gets the exact distance, on the line, 
of the point which is the actual station, from or to which his 
side lines are chained. 

For large enclosures with moderately straight fences, and 
where the actual measured survey is only some six or seven 
chains (Gunter's) on each side, but few stations are required, 
if any, because the surveyor when he has acquired some expe- 
rience vrill pick up all the work on his base line, by taking long 
offsets careftdly pitched ; for preliminary surveys this will be 
the case very generally. The young surveyor will under- 
stand this the more reauiily if he refers to the scale to which 
such surveys are usually plotted — that is, six chains to the 
inch — and on which a distance of thirteen feet is represented 
by one thirtieth part of an inch. It is not an uncommon prac- 
tice with many surveyors to guess the length of short offsets, 
and although we do not recommend this to the young sur- 
veyor, it must be admitted that the sooner he acquires an 
expeditious mode of measuring his offsets, the better it vrill 
be for him. 



THE FIELD BOOK. 

The field book is a record of the surveyor's daily opera- 
tions. It is necessary that it should be not only accurate, 
but that it should give as correct a sketch of all the objects 
along his chain lines as possible. With the help of the 
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measured distances, it should enable him to plot all the 
details of his survey exactly as they are on the ground. 

Observe that there are two kinds of surveying field books ; 
the one most in use amongst engineers is about four 
inches and a half wide, and about eight inches long, opening 
lengthways. It should be made of good thick paper, so that 
although a few showers of rain in the course of a day's 
work may wash out some of the lead-pencil, yet it will not 
obliterate the clear marks of the field work; the cheap 
books, made of thin blue paper, for this purpose, do not 
retain the imprint of the pencil, a little rain washes all out. 
We have sometimes been surveying in a drizzling rain all 
day, in November parliamentary work, and although the 
pages of the field book were thoroughly well soaked, we had 
only to dry them carefully before the fire in the evening, to 
be able to plot the day's work; the paper being thick, the 
work was as it were engraved on it. It is not necessary 
that it should be very thick; about a hundred pages is quite 
sufficient. 

The field book should be paged from end to end, so that 
we may refer back to such a line on such a page. There 
should be drawn upon its pages from end to end, double 
lines in red, about half an inch apart. In this column the 
chainage on the chain-line is entered, that is to say, the 
chainage of the different stations, as also the chainage at 
which all the fences are crossed. The stations may be dis- 
tinguished by running a circle round the figures. 

Every chain-line in the field book should be numbered as 
well as every page, and for this reason — ^we may often have 
two and even three chain-lines on one double page, and on 
each line we may have stations denoted by the same figures ; 
that is to say, that on each line we may have, for instance, 
a station marked 500. If, in a future page of the book, we 
were to refer to station 500, page so and so, it might be 
doubtful which of the three stations we referred to ; but if 
the number of the line is also referred to, then there can be 
no doubt about the matter. 

Although every surveyor almost always plots his own 
work, and indeed likes to do so, the "field book should be 
kept in such a manner that any person understanding the 
work may plot from it. It should also be kept in such a 
manner that it can be plotted from for months, and even years 
if required, after the work has been done in the field. For 
instance, it may be required for parliamentary purposes 
many months after the work has been done, when it should 
be in such order that anyone may understand the work, 

c 2 
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and be able to compare the book witli the plot Btmrej. In 
cases where the field work has been sufficiently well done, it 
may be required to refer to the base lines, some two or three 
years after, for the purposes of the working survey for ihe 
construction of works. If it has been kept in such a manner 
that the stations on the base lines may be taken up again, it 
may save a great deal of work. 

We point out all this to show the necessity of having 
everything clear and legible, and arranged in such order that 
any portion of work may be easily referred to and understood. 
We have twice had instances of plans having got mislaid or 
lost ; but on application being made to the surveyor, he had 
only to refer to his field book to make out a fresh plot, 
although some years had elapsed since the field work had 
been done. Had not the field book been clearly kept, he 
could not have done this. In such cases one cannot trust to 
memory. 

In order to keep a field book in this manner, there must 
not only be a system adopted from beginning to end, but 
the writing and sketching must be neatly done. The young 
surveyor will do well to accustom himself to use a fine hard- 
pointed pencil, to write his figures clear and small, to sketch 
in his fences at the angles at which they cross his chain- 
lines, to show the bends and angles of fences, roads, and 
streams as they exist, and to some extent to keep the work 
to scale. The experienced man can by these means get a great 
deal of work into one page ; but we do not recommend the 
young surveyor to do too much of this at the commencement. 
Let him be satisfied with keeping everything correctly, clearly, 
and easily referred to. Let him be particular at titie com- 
mencement of every line to enter correctly, whether, on 
starting from a line, he turns to the right or left ; and when 
he returns to it, to enter the chainage of the station to which 
he returns, or which he crosses, the number of the line, and 
the page on which it is to be found. This will prevent his 
being at a loss when he comes to plot his work. So much 
as regards the order of the book-keeping ; and be it remem- 
bered that at present we are referring to chain surveying 
only, without reference to instrumental observations. 

Let him be particular as regards the field work that every- 
thing within two or three chains of his chain line is correctiy 
sketched in, and that his offsets are taken /rom the chainage 
entered on the book, and to the right points. 

We have now said everything that we believe necessary at 
present about chains and chaining, about poles and ranging 
rods, offsets, stations, and the ordinary field book, and we 
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have only to say a few words about what we call the fair- 
weather field book. 

This book is about the size of a boy's copy-book, and large 
enough to take in a few fields on every page, all being clearly 
shown, but from its size is but ill adapted for wind and rain. 
For fine climates, however, it is undoubtedly the best, in- 
asmuch as it saves a great deal of cross-referencing from one 
page to another, as it is of such a size that there is no diffi- 
culty in getting in on each page twenty or thirty chains' 
width of survey. 
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CHAPTER II. 

ELKMKNTARY— con^wMrf. 

CHAIN SrKVKVINVS, WITH PHArTK'AL EXAMPLES OF ORDERLY STSTEV IN 
KEEPIN(j THE KIELI> IWKJK — I'LOTTIXCl ; FIRST LESSONS — CHAIN ANGLES 
AND TIE LINKS — FENCE AND DITCH — INACCESSIBLE DISTANCES — BASE 
LINES. 

To Survey on one Line the iwo Fields shovm at Fig. 1, and to 
keep tlie Field Book, and to plot the Work on Paper. — Set out 
the line a b, so as to intersect the two fields at about half- 
way, by sighting on a pole at b, or better, to avoid loss of 
time, by picking out the stem of a tree or some conspicuous 
bush that may answer the same purpose. 

Cast out the chain at a, and pass it through the hedge at 
some point in line with b ; when the chain is brought tight, 
let the leader set in an arrow at the end of the chain, and on 
the line according to the directions of the chain follower. 

The first ofiFset we have to take is at 30 links, a line from 
which to the first comer on the left, will be at right angles 
to the line; this offset measures 110 links. Pass over the 
fence into the field, and standing on the chain and looking 
towards b, begin sketching part of the fences on each side, 
right and left, showing where they diverge from^ or bend 
towards the chain. At 85 links on the chain, there is an 
offset at right angles to the main line, to the comer on 
the right hand ; it measures 190 links, and is entered accord- 
ingly in the book. 

There being nothing farther to note on the first chain, the 
next is set out ; and when the second arrow has been set, the 
surveyor or follower takes up the first arrow. At 150 links, 
there are two offsets to be taken, one on the left of 230 links 
into a comer, and the other to the right of 210 links into a 
bend. At 260 links, on the third chain, there is an offset to 
the left of 180 links, to an inward bend, and to the right an 
offset of 160 links into a hook in the fence. At 300, the 
ond of the third chain, take the offset of 130 links to fix the 
direction of the main part of the fence on the right hand. 
At 420 links, an offset has to be taken to the curved bend in 
the fence on the left hand, which measures 190 links. At 
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490 links, there is an offset to the right, of 130 links, to an 
angular bend in the fence. At 650 links we cross the fence 
into the next field, which crossing requires to be sketched 
with attention to the bend on the right. To the left, this 
fence crosses the chain, square with the main line, and the 
distance or offset to the comer measures 90 links. At 640 
links we have an offset to the corner on the right hand. We 
should here leave a station, making some mark on the grass, 
or driving a peg in the ground, as from or through this 
point we should probably have a line to take up the fences 
to the right and left. 

At 730, we have an offset to the comer in the fence on the 
left, and so on to the end. 

It may now be observed that all the offsets are taken 
square, or at right angles to the chain, and from given dis- 
tances, on the chain, because this enables us afterwards to lay 
down the fences on paper, or to plot the work, exactly as it 
is on the ground. 

And now to explain this portion of the work : Take a scale 
o/40,or four chains to the inch; draw a straight line on paper, 
A B, to represent the chain line ; with the point of a needle, 
or a sharp-pointed pencil, prick off a, which represents 0, and 
then, consecutively, 30, 50, 85, 150, 260, &c. to the end of 
the line. And now take a little offset scale, which is ge- 
nerally two inches long, and of course to the same scale as 
the former, that is, four chains to the inch ; place this at 30 
links on the chain line, and quite square with it, and prick 
off 110 links, the length of the first offset to the left ; move 
the offset scale on to the next mark on the paper, that is, 
85 links in the field book, and prick off the offset to the 
corner on the right hand of 190 links ; and now put the 
offset scale on the next mark, that is at 150 links, and prick 
off the offsets right and left, 230 links to the left, and 210 
to the right. At 260 we have again two offsets, 180 links 
to the left, and 160 to the hook in the fence on the right. 

In this manner we proceed to the end of the line, and if 
the line had been two or three miles long, instead of only 
eleven chains, it would be exactly a repetition of this kind of 
work. To complete the plot in pencil, we have now only to 
draw lines from offset point to offset point, as nearly as pos- 
sible with curved bends or angles, similar to those we have 
in the field book. Hence the value of a correct sketching of 
the fences ; and exactly as the offsets have been taken square 
to the chain line, and from the right chainage, so will the 
plot be proportionally correct. 

The observations which we have already made on the 
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chaifij on offttets, and the field book, coupled with the aboTe 
explanation, are quite sufKcient, we trust, to enable the 
most inex{>erienced to understand the subject so far ; it only 
remains for them to put this information into practice, by 
chaining a line throupfh two or three fields, when they wiU 
much more readily understand the elementary portions of 
land surveying, as explaine<l in the next few pages. 

To fiurvey with the Chain only a large Enclosure such as we 
have shown in Fitj. 2. — The first ojieration is to set out the 
lines, so as to get two triangles, as abd, and A CD, two sides 
of which triangle are to intersect at E, somewhere about the 
middle of the enclosure. We may begin the chainwork at 
either of the points a, n, c, or D ; let us suppose that we 
commence at a, cast out the chain, and work in the direction 
of o ; the first point we have to enter in the field book is 
that where the line AC intersects bd at e; the distance to 
this intersection measures 590. Now, in order to find 
this intersection on the two lines ac and db — and it is very 
important that it should be obtained accurately, because it 
is a check to the whole of the work — let the surveyor stand 
at A, and let his assisttint or best chainman stand at D, and 
let a third person, with a pole, walk on towards the point 
; by the one person making signals from a and the other 
from D, the third man by following the signals will be able 
to place himself exactly at the point, e, which is required ; 
of course we suppose that two poles have been left at the 
points B and o. 

We may now proceed with the chainwork, onwards from 
E to 0, where we book the length of the line ao. From the 
point 0, we commence a new line c d, turning to the right, 
which turning we show in the manner already explamed 
under the head of field book. 

On this second line we commence the offsetting, the method 
of doing which we have already very fully explained. On 
reaching the point d, carefully book the length of the line, 
which here measures 1,010. We now turn for a, to the 
right again, which gives us a third line in the book ; take 
all the necessary offsets along this line, and on reaching the 
point a book also the length of this third line, which com- 
pletes one triangle of the survey. 

We now commence the second triangle, by chaining from 
A to B, taking the offsets as usual ; at b book the length of 
the line ab, and at the same time we may look along the 
line B E D, to see that the assistant has accurately ranged this 
line when he was at the point n. Now firom b measure to 
D, booking the intersection when we come to e, 670, and on 
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reaching d book also the whole length of line, measuring 
1,300. Lastly, chain and offset the line bc, carefully book- 
ing also the whole length which measures 840. We have 
thus completed the survey. I 

Plotting and Testing the Work, — Take a straight edge 
and any convenient scale, say four chains to the inch, and 
lay off the line AC, equal to 1,260 ; to plot the first triangle, 
take a pair of compasses, and with them take from the scale 
the length of c d ; with this length between the compass legs, 
describe from the point c an arc of a circle to the right. 
And now in the same manner take with the compasses and 
from the same scale the length of ad, 778, and with one 
leg of the compasses at a, describe an arc, intersecting the 
former one, which will be exactly at D, if the lengths have 
been correctly taken with the compasses from the scale. 
To make sure of this, take the scale, and setting the zero 
at c, see that the length of the first arc has been correctly 
set off; it should measure 1,010. Then set the zero of the 
scale at the point a, and ascertain in the same way that the 
second arc has been correctly set off; it should measure 
778. From a and from c, draw straight lines to the inter- 
section of the arcs; they will represent the chain lines CD 
and DB. Now to plot the second triangle abd, take from 
the scale with the compasses the length of ab, and describe 
an arc from the point a and to the right of ad ; then with 
the compasses again take the length of b D from the scale, 
1,300, and from d set off an arc intersecting the former ; as 
before, test the length of both arcs with the scale from a 
and from d, and if the lengths are found correct, draw in the 
straight lines with the rule from a and from d to the inter- 
section of the arcs, which determines the point b, and the 
chain lines ab and db. Now, with the scale, measure from 
A to the intersection e ; it should give 595, and from b 
again measure to the intersection at e, which should give 
668 ; now draw in the straight line b o from the point b to 
the point c, which should measure 840. If all this agrees 
with the field book measurements, the chainwork has been 
correctly done in the field and correctly plotted in the office. 
There only remains to plot the offsets, from the chain lines, 
in the order they have been taken in ttie field. 

A somewhat more intricate example is shown in fig. 3; a 
four-sided figure will not conveniently take in the whole area, 
the figure of which is much more irregular than in the former 
example. From the points a and b we could get a view of 
the whole ground, and from these points the lines bc and a d 
were laid out, as also the bases ac and b d, intersecting at e. 
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The first line chainod was a b, but from the irregular form of 
the fence on the right, we could only offset portions at the 
beginning and ending of the line. The offsets being taken, 
and the chainage completed to b, 1,920, we laid out the line 
B D ; we had to prick out this line with whites because of a 
deep hollow at alx>ut the point E, from which D was not 
visible ; but by standing ourselves at about the point G, and a 
chainman standing at about half-way between e and J), so 
that he could see us at about o, and also a pole left at b, we 
laid out this diagonal and then commenced the chaining 
from B to D, after entering in our field book, line 2, the 
proper sign for turning to the right, and the chainage at b. 

We ofisctted to the right from b to o, at which last point 
we left a station for running the line of. We left our chain 
at G, after booking this station, 720, and proceeded to lay the 
line AC, which we did in the same manner as bd, and for 
the same reasons ; we did so before proceeding frirther, in 
order to be able to book the point e, where the two diagonals 
intersected ; at this intersection, we made a mark and re- 
turned to the station o. 

Before proceeding with the chainage of bd, we ascertained 
that our follower and leader had each the correct number of 
arrows, and chained onwards until we reached the point e, 
where we entered in the field book the chainage which 
denoted the intersection of the diagonals, 1,340. 

After this we had only to enter the intersection of a fence 
before reaching the pole at d. 

Having booked the chainage to d, 2,660, we turned to the 
right again, entered ^line 8,' and proceeded onwards for 
point A. 

It will be observed that there was a considerable quantity 
of offsetting here in order to get one bank of the stream, 
which was about 40 feet wide ; moreover that the part of it 
near i was too far off to offset to, fix)m the line da; we 
therefore left a station at h, 800, and continued chaining 
and offsetting all the way, until we reached the pk>int a, 
1,795, which closed the first triangle. 

We now start from a, turning to the right again; we 
leave a station at a convenient point p, 650, for running the 
line GF, book the intersection at e, 1,296, and chain on to c, 
the chainage at which, 2,500, we also enter, afber noting 
where the chain cuts the fence. From c, turn to the right 
again, on for d, * 2,660, line 2 ;' take the necessary offsets, 
right and left, and complete the chainage to D, 1,816 ; this 
gives the second triangle a en. 

We must now go back to c. Enter * line 6,' turn to the 
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lefb, and from the chainage at c, as measured from the point 
A, also noting in our boot that we now chain on for the 
chainage at b, as measured from a to B. 

These preliminaries being entered in the field book, we 
lay out the chain for b, sketch in the fencing as we proceed, 
take the offsetting right and left, at the prominent points in 
the bending of the fence, as they occur along the chain line, 
and complete to B, 1,765, ^ or 1,920 line 1/ 

This last line, tying the summits of our two triangles, will 
be the best check on the work done as yet. 

We may now proceed to o, to chain the line gf. Here 
we enter * line 7,' turn to the right (an obtuse angle), and 
also * from ' the chainage at g, * line 2,' or for the chainage 
at F, * 650, line 4.' iSiese remarks in the field book mil 
enable us to find the correct points on the plot. From g to 
F measures 895; of course we take the necessary offsets. 
We may now lay out the little line ax, 8, enter the point 
from which we commence, that is a, the beginning of the 
survey, and work on for i, in the direction probably of some 
convenient tree or bush at some distance off; from a to i 
measured 1,220. It is needless to observe that we took the 
offsets all the way to every bend in the bank of the stream, 
and sketched it in our field book. 

Prom I, turn to the left for d, 795. Complete the work 
by chaining the little tie line hi, 466; this concludes the 
field work. 

We may close these remarks by observing, that every time 
we complete a chain line, we should be careful to examine 
the number of arrows in the hands of our follower, and of 
our leader ; this should never be omitted. Also, that every 
time we complete a line, we should enter not only the length 
of the line chained, but also the chainage of the station to 
which we have run, and the number of the line to which 
such station belongs ; we thus know where to refer in our 
book, and also on the plot of the work. At the conmience- 
ment of every line be particular in noting the number of the 
line, which we ascertain by referring to the antecedent one ; 
and the particular sign, turn to the right, or turn to the left, 
as this enables us to lay off the line in the corresponding 
direction, when we come to office work. If this is neglected, 
after chaining any considerable number of lines, we have to 
trust to memory only for plotting the field work ; this may 
either fail us altogether, or be very erroneous. 

Plot of Fig. 3. — ^With a straight edge and sharp-pointed 
pencil lay down the diagonal bd ; and here we may observe 
that there is always an advantage, when plotting, in laying 
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down to pafi^T th^ lonjrert linofi first ; a straight edge — ^that is, 
a long Btraight-ifl^l flat nile — should be used, in order that 
the line drawn r*n {lajier should be really a straight line; 
othf'rwise the trr>uble incurred in the field in chaining a 
straif^lit line frr»m |Knnt to point would be waste of time. 
The pencil with which the line is to be drawn should be 
shari>-iK>inteil, in onlrr that the line may be fine ; if drawn 
with a coarse-jKiintiHl p4»ncil, the line might be 10 or 12 
links wide, and we should have to look for the centre of it 
every time we pricked off a distance from a scale. In 
drawing in the line, care should be taken to keep the pencil 
perpendicular, with the point close along the straight edge. 
This line being drawn on paper, we lay the edg^of the chain 
scale close on it, and with a needle-point, or the point of the 
pencil, we prick off the length of the chain line, * line 2,' 
2,660, the zero of the scale will represent the point b, and 
2,660 will be point d. Now open the compasses to take in 
from the scale the length 1,920, ^line 1;' place the point 
of one leg at a, and describe with the other an arc of a circle 
to the right of the base. Now with the compasses take the 
length of ^ line 3,* equal to 1,795, and with one leg of 
the compasses at d, describe another arc to intersect that 
already drawn ; the intersection will represent the point A ; 
apply the scale to these two arcs, from b and from d, to 
ascertain that the lengths are correct, and prick through the 
intersection. It may be observed that in describing these 
arcs, it is better to use the points of the compasses, than the 
pencil points, because they give finer lines, and show more 
plainly the correct intersection. If we now draw the lines 
AB and DA, we complete the first triangle. 

In the next place, we take with the compasses, from the 
scale, the length of ac, line 4, and from a describe an arc 
to the right ; and now from D, we describe another arc, with 
a radius equal to 1,815, to intersect the former, which will 
give the point cutest them with the scale, and if found 
oomK*t, prick off the point c, and draw in the straight lines 
AC and DO. 

Lay the scale from b to o, and see if the reading gives 
the length of lino 6, us chained in the field, that is, 1,765. 
Now lay the scale along ac, and ascertain that the intersec- 
tion of the diagi'^nals is correct ; from a to k should measure 
K29(> : next lay the chain on bd ; from b to e should measure 
K^^iO. If those fijjuros aro correct, our work so faur is right 
in tho field and in the oftioo. 

On tho Hno nn, with tho zero of the scale at b, we may 
now priok off tho shition o, 720 ; and with the scide on ac. 
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and the zero at a, prick off the station p, 650; draw in 
a straight line from o to p ; place the zero of the scale at o, 
and ascertain that from a to p the distance scales 895. 

We may now proceed to deal with the little triangle aid, 
and in order to do this, we make use of the same means as 
for the other triangles ; that is to say, from the point a, we 
describe an arc to i, with a radius of 1,220, equal to the 
length of line 8, and from d, we describe an arc di, with a 
radius of 795, to intersect the former ; test the length with 
the scale, prick off the point of intersection, and draw in the 
lines A I, DI. On line 3, da, prick off the station h, draw in 
the line hi, and with the scale ascertain that it measures 
465, as shown in the field book. 

This completes the skeleton of the work. We now open 
the field book at line 1, and laying the scale on ab, we prick 
off the chain distances at which the offsets were taken ; 
having pricked off a certain number of these, we lay the 
scale, or the offset scale, square across the chain line, and 
plot off the corresponding offsets ; join these points together 
in pencil, and they will give the line of fencing ; treating all 
the chain lines in the same manner, you will describe all the 
fences round the field. 

When this has been completed, the chain lines should be 
drawn in with red (crimson lake), and the fences with indian 
ink ; the stream may be shown by a little cobalt blue along 
the banks. 

Lastly, draw in the scale, and the plot plan is finished; 
from this, finished plans are prepared as they are required. 

It may be observed that a very large pair of compasses 
would be required to describe some of the arcs mentioned 
above, particularly as the points of the compasses should be 
always held as vertical as possible over the paper. To 
obviate this, we use beam compasses, which will be de- 
scribed in another chapter, under the heading of Surveying 
Instruments. 

The subject of chaining, offsetting, and keeping the field 
book, is one of the greatest simplicity to the surveyor who 
has had any experience, but to the beginner it is exactly on 
that particular subject which he stumbles most, when first 
practising his business. At the risk, therefore, of appearing 
tedious to the practical man, we shall venture, for the sake 
of the pupil, for whom we are chiefly writing, to enter into 
the most minute details. 

Let us suppose, then, that the line ab has been set out 
by the side of some fences, as the first line of a survey. A 
pole has been left at b, which is considered a station. If 



30 



CHAINING AND OFFSETTING. 



the survey is of any size we shall perhaps require this station 
at some fixture opportunity ; in ^s case the station ot^ht 
to be secured in such a manner, that we shall find it when 
wanted. 

If in arable land a stout stick should be driven in ; not so 
stout, however, that it would require very heavy blows to 
get it any depth into the ground, for in that case it would 
split and very soon disappear; about three-quarters of an 

inch is a very good size, and with a few 
blows of a nxallet, or even a stone, it may 
be driven so deep into the ground, that 
it will give some trouble to get up. We 
are obliged to be explicit on this subject, 
3^___r:r^ because on extensive surveys, where ac- 
curate work is required, iliese stations 
are important but very difficult to pre- 
serve ; wherever there is an opportunity, 
they are generally pulled up for the sake 
of mischief. 

If in grass lands, the stations should 
be marked in the manner already de- 
scribed, care being taken to break up and 
throw away, into a ditch for instance, 
the pieces of turf cut up ; or they wiU 
be replaced and our station obliterated. 
These remarks about stations are par- 
ticularly to be attended to when a sta- 
tion has to be leffc near a footpath. 

We may now suppose that we have 
cast out the chain at a (as in the side 
figure), and that the leader has pushed 
his end of it through the fence, exactly 
on the line to be chained ; otherwise we 
shall conmience by chaining a crooked 
line. The leader is, of course, supposed 
to have the whole number of ten arrows 
in his hands, as the follower is at zero. 
The follower having given the proper 
directions to the leader about pitching 
his arrow, and the chain being brought 
tight before the first arrow is set, for it is no use doing so 
after, we may see about the offsets. There is one to take on 
the first chain to a comer on the right. As the follower has 
no arrow in hand, there will be no whole chain to book, only 
a fraction of a chain. To ascertain what this is, let the sur- 
veyor stand on the chain, facing the fence to be offsetted to. 
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with his offset-staff in his right hand pointing to the fence, 
and right over the chain. With the staff held in this manner, 
let him move along the chain in the direction of the leader ; 
the moment the staff held at right angles over the chain 
points to the comer to be offsetted to, we have the reading 
of the chain, which has to be entered in the field book. 

In our example, this reading is 40 links, the point on 
the chain from which the offset-staff points to the required 
comer ; this reading being booked, we have only to measure 
with the offset-staff up to this comer ; book tiie measure- 
ment by the side of 40, which gives us the distance we 
shall have to lay down on paper, of the comer of the fence 
line from the chain, and the point on the chain line from 
which this offset measurement should be a perpendicular 
line. 

This done, we come to the intersection of the chain with 
the fence ; this is 90, the last brass ^w^er on the chain, and 
we now cross over, having, however, left a mark at station 
A ; we now come up to the leader. There is nothing ftirther 
to do on this chain ; he is therefore started afresh, and is 
supposed to know that he is not to wander in any direction, 
but that he is to walk straight on for the object at the end 
of the line ; this saves a great deal of time in chaining. 

The follower we shall at present consider to be the sur- 
veyor himself. We may here observe that where very accu- 
rate work is required, the surveyor should follow the chain 
himself, but this is not adhered to in ordinary work, because 
it is not sufficiently expeditious. We may also remark that 
no man will ever make a good surveyor who has not had a 
little experience both as a leader and a follower. It is only 
then that he knows at a glance as the work proceeds, whether 
his chainmen are doing their duty, and whether they are 
doing it properly with reference to each other ; this is one of 
the things to attend to in order to obtain good and rapid 
chaining. 

For instance, the leader may indulge himself by pulling a 
great deal to hard at the chain, which will distress the 
follower exceedingly ; on the other hand, the follower, when 
straightening the chain, may jerk it so hard as to strain the 
wrist of the leader ; this kind of thing often leads to the 
chain being broken between the two, and great loss of time 
incurred. 

Again, in laying his chain, the leader may not hold his 
arrow upright ; he may hold the handle of the chain and 
the arrow in such manner that the ring of the arrow very 
considerably overhangs the point of the arrow as it stands in 
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the ground ; this is very detrimental to anything like good 
chaining. 

We may now proceed with onr offsetting, and we might do 
so by chaining right on for the next fence, there being no 
offsetting absolutely required, because the fence on the right 
is straight; sup|>osing, however, that a slight mistake is made 
at either of the offsets at each end, this error would be 
carried through from end to end ; if we take an offset in the 
middle of the field at three chains, 300, then we have a check 
on any such possible mistake; the method of taking the 
offset is precisely the same as in the last case, only that we 
have to fix the perpendicular at the end of the chain, instead 
of any link at the middle or quarter ; we have only one right 
angle instead of two, and if the ground happens to be sloping, 
a little extra care is required. 

Before taking the offset, enquire of your follower, * how 
many arrows ? ' — he will say ^ two,' because you yourself are 
standing at the third. Before you book anything, make the 
same enquiry of your leader, he will say ^ seven,' and for the 
same reason, that you are standing at his eighth arrow; 
these two enquiries are made to prevent one of two things, a 
mistake on the part of your follower, which might not be 
discovered at the right time, or an erasure in your field book, 
which always looks bad. 

We may now ^ go on ' again ; we must, however, look to 
see whether the pole at b, will continue to be visible as we 
approach the next fence ; if this should be tall and thick, 
the chances are that it will conceal the pole fix)m view, 
therefore select some object in the fence which you cah sight 
upon ; this done, the chaining may be continued. 

With regard to the fence on the leffc hand starting from 
the 90 on our chainage, we take no offsets to this ; it runs 
too much away from the work, and will have to be taken up 
by a side line from a. 

Having reached the next fence, and the leader having 
crossed it with his chain, we have again to ask the follower 
' how many arrows? ' — the answer should be * six; ' if you are 
following yourself, as we supposed, you have only to look at 
the arrows you have in hand. Having done this you will 
ask your leader * how many arrows ?' — his answer should be 
* four ; ' you are then safe to book your fence crossing, which 
is 670. A few links further on, 680, you have an offset to 
take to a comer and junction of fences ; there is also another 
junction at about 675, but instead of marking this as an 
offset, you may measure from a to 6, and enter this dimen- 
sion, without the letters^ in your book. At 680, you may 
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perhaps have to leave a station for a side line, on acconnt of 
the work to be taken up on the left. That a station has 
been made at any particular chainage, is noted by a ring 
round the figures, or by a straight line over and under. You 
proceed ofifeetting and chaining ; 800 we shall pass over. Yon 
go on again until yon come opposite to the next bend ; before 
your reaching this yourself, the leader should call out 
* change,' his ten arrows being expended. Having taken 
your offset at 950, you may walk up to your tenth arrow, and 
there drive in your ofifeet staff. Book one thousand, hand 
over your nine arrows to your leader, who also picks up the 
tenth, and goes on again. In this manner you reach the end 
of the line. 

In good chaining, the leader should hold his arrow close 
to the end of his chain, but within it, and the follower 
should hold his arrow close also to the end of the chain, but 
outside of it. It is unnecessary to make the leader move his 
hands to get into line, until he is on the line himself; then 
the hand should be made to move with chain handle and 
arrow in it. Before the leader comes exactly to the end of 
his chain, the follower should give it a slight check. 

In keeping field books, we always commence a line at 
the bottom of the page and write upwards, just as the 
chaining and the country through which we are working lay 
before us. 

In sketching in fences, always stand on your chain line facing 
your fore object; this enables you to sketch, in your field 
book, the fences, roads, streams, &c., very much at the same 
angles as they lay naturally with the chain ; you wiU find 
this a great help in plotting. As you chain on, do not 
sketch in too much of your fences at a time, two or three 
chains forward are quite sufficient ; this obviates erasures in 
the fencing. You will find that in chaining forward, the 
fences, and the bends in them, are different to what they 
appear at a little distance. One of the most valuable good 
habits of surveying is the practice of careful sketching 
in your field book, but it is only to be acquired by practice. 

Great care is always required in booking the stations, which 
should always be made at ten or at least five links ; also at 
the commencement and ending of lines, and in showing the 
angle, obtuse or acute, at which you turn to the right or the 
left for the next line on the Survey. 

To know these things practically, they must be practised 
industriously in the field, and we a^in advise the young 
surveyor, before reading too much, to have a few days' field 
practice, if only by himself and a lad to lead his chain ; it 
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will only be then that be will nnderstand tbe yalne of tbe 
bints and suggestions with wbicb we are now endeayonring^ 
to supply bim. 

Tbe outlines of tbe figures we bare bitberto treated baye 
been sufficiently symmetrical to enable us to get fiayourable 
intersections at about tbe centres e ; tbat is, tbe angles baye 
been neitber too acute or obtuse, tbey are greater tban 45 
degrees and less tban 90. Tbis kind of figure, boweyer, bj 
no means occurs always. In fig. 4, for instance, we baye an 
elongated sbape, wbicb would not admit of sucb a fayourable 
intersection of diagonals, and we assume anotber metbod. 

We bere lay out tbe base ab, to go tbrougb tbe lengtb of tbe 
enclosure, and sufficiently near the stream to be able to off- 
set it to along its whole length, tbat is ab. We now build up 
tbe triangle agd by setting off da, equal to some six or seyen 
chains, and by putting up a pole or selecting some natural 
object at about o. ad, ag, and CD, should be about equal, 
that is, as far as may be approximated by tbe eye. In the 
next place select the station e, up the road as tBLr as you can 
see ; fix tbe point f on the base, so tbat ef shall be some- 
where at about right angles to ab. We may now build up 
the little triangle bgh, in tbe same manner as we did acd. 

We may now chain all these lines in tbe manner we baye 
set them out ; the tie or check line will be eh. 

In plotting this work on paper, we first lay off tbe base 
ab, describe the little triangle acd, open tbe compasses to 
the length C£, and from c describe an arc at about e ; do the 
same thing for fe, which will giye the intersection £, and as 
correctly as the field work is correct. 

Now describe the little triangle bch, wbicb will determine 
the point h ; if the whole has been done correctly, a scale 
placed from e to h will give the same lengtb as tbe field 
book. 

Suppose, for instance, that an error had been made in 
chaining AG, such as a mistake in tbe arrows, and that 900 
bad been booked instead of 800, tbe point o would be higher 
up the road than it should be ; tbe laying off of tbe point e 
would not help us to discover the error, and tbis point also 
would merely lay too high up the road without our knowing 
it; but immediately we lay the scale from eh, we discoyer 
tbe error, as eh would scale too short, unless indeed we bad 
committed an exactly corresponding error with tbe triangle 
BHG by making oh a chain too long. K we had reason to 
fear any such very out-of-the-way errors, we should check the 
whole work by a chain line from h to F, which would check 
the position of tbe point h. 
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This brings ns to the subject of chain angles. 

In the triangle abg, fig. 5, a, b, and G are chain angles, 
the measures of which, for our present purposes at least, cb 
for the angle a, and ga for the angle b, and ab for the angle a* 
Similarly, in fig. 4, the angles at e are chain angles, but sub- 
tended by two sides each — that is, gd and df ; and hg and 
OF. In fig. 5 the base ab is 15 chains, and a g and G b are 
12 chains each. There is a station at d, and a tie line is 
measured from g to d to check the measurements of the 
triangle. It is our purpose to show that a tie line so placed 
would be quite insufficient. 

We may suppose, for instance, that an error of a chain 
has been made in the measurement of AG, as shown at a c — 
that is, that Ac has been measured as 11 chains instead of 
1,200. The measurement of the tie line to the point n is no 
sufficient check, for gd and en are very nearly equal. 

But if, instead of the station d, we have a station at e, 
somewhere about the centre of the base, the tie ge is a suffi- 
cient check, for ge is much longer than ge, and the difference 
in the length is palpable. An effectual tie line, as a check, 
may also be measured from (2 to e, the difference between /j 
in the triangle which is wrong, and de in the triangle 
which is right, is too palpable to admit of a mistake. 

In the acute-angled triangle, fig. 6, we have exactly the 
same operations. An error of a chain in either of the sides 
AG or BG is not discoverable by the measurement of the tie 
GD, for in the triangle agb, in which bc is a chain short, the 
tie CD is very nearly equal to the tie gd ; the difference at 
least is so small, that considering the small errors to which 
all chainage is liable, the chances are that one tie is as 
correct as the other to all appearance. But a tie from g to e 
is more satisfactory, the difference between ge and ce being 
much more appreciable. This difference, however, is much 
less satisfactory in fig. 5, because the angles at g and c are 
so acute that the exact intersection of the lines ag and bg is 
not so self-evident on the paper, or indeed on the ground, 
where a very slight variation in the direction of the lines 
would make a considerable difference in their lengths. 

Similarly, cZe is an insufficient tie line, being very nearly 
equal to fg, although cb is one whole chain shorter than gb. 
It would not be much better if this tie line were much lower 
down in the triangles, the difference in the lengths not being 
sufficient. 

The above makes it very evident that in chain surveying 
acute angles are to be avoided as much as possible. It is 
not quite so important in surveying with instruments, though 
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even then undesirable, because a theodolite placed at b, either 
in fig. 5 or 6, would discover the mistake. 

To prevent errors in such a triangle as fig. 6, it would be 
necessary to measure a tie line Ae or bJ, as well as ce. 

To Survey a large Encloeure^ tuck as a Wood, by Chain 
Angles. — We have such a case in fig. 7. Lay out four lines 
enclosing the wood ; the nearer they cross on the square the 
better. Take the intersection h for a station, make Sa and fcn 
some given number of chains, say four or five, so as to be some 
£Edr proportion of one of the sides of the quadrangle ; measure 
the side ad, and do this carefully, for it is to determine the 
measure of the opening of the angle ehf. 

Observe here that the paper work wUl be much more diffi- 
cult to plot than it will be to do the field work. Having the 
sides Dfc, fcA,' and ad, we can describe the triangle d6a, and 
thereby determine the direction of be and 6 b ; but at the 
points and b any slight error in ad will be magnified in the 
proportion of the lengths of the greater lines, and therefore 
to dieck the chain angles, set off say a couple of chains from 
fc to c on the line be, and from 6 to J on the line fcB, measure 
AC and j>dy and also cdy if a clear straight line can be had 
through the comer of the wood. 

Observe that these tie lines will all be checks on the plot- 
ting or the triangle nbA. Chain out bc, making be any equal 
number of chains, if not inconvenient for the lines ei and /p. 
Set off 6C and eg some three or four chains each, measure 
^0, chain the line et, leaving a station at A; set out e/Af 
through h ; set off h i, Af, and AA, each equal to some three 
or four chains, and measure tF and rk to determine the 
opening of tho angle tAF, and check the measurement. Now 
chain A/, producing the line E, and making /e some three or 
four chains ; the same thing with regard to /b, and measure 
the tie line be. Finally measure the line/c, completing the 
quadrangle. 

Of course it will be understood that in chaining the lines 

be, 6 A, A/, and/b, we have taken all the of&ets to tiie fences, 
as also the fences intersected. 

To Plot the TTarfc. — Describe the triangle nbA. Through b 
draw Abs and dI»c, prick off the station c and d with a fine 
needle point, and apply the scale to Ac and dcJ, as also to cd, 
if this last line has been measured. K these lines are found 
to agree in measurement with the field work, we may assume 
the angle Bbc to be correct. Prick off the chainage be and 

bf. From the station e set off with the compasses an arc of 
a circle, with a radius equal to the chainage of cA, and from 
/, with the compasses, set off an arc with radius equal to kf; 
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prick off the intersection which determines the position of h ; 
through h draw gi and ep, make hi and h¥ of their proper 
lengths, as also /e and/B. Now measure all the lines — ^that 
is, c^, icFy Pi, and be. K these agree with the field book, 
then both the field work and the plot may be considered as 
correct. 

In fig. 8 we have an area similar to that of fig. 7 — ^that is 
to say, it is inaccessible internally, being a large lake ; but 
although we cannot chain through it, we can see over it> 
which offers some advantages in making the survey and in 
checking the work. 

We may commence the work by setting out the four lines 
which enclose the area to be surveyed, and we may set out 
the triangle d6a, by producing the two sides c6 to n, and b6 
to A, making each line produced of a given length, and then 
measuring the third side da. After having proceeded with 
the four sides and the chain angles in the manner described 
above, we may check the work in the following manner : — 

Set out the line fix)m i to d, and by standing at station /, 
ascertain where it intersects fh and /6, measure i h and Aft, 
also db and &d. In the same manner set out bg, and ascer- 
tain where it intersects the line fh and 6 A, measure bI and 
fly also ec and em. Other lines may be set out in the same 
manner. If the field work has been correctly done and 
plotted, all these little tie lines will measure on paper the 
same as they do in the field book. 

Here, again, we would recommend the pupil to practise in 
the field before proceeding further with his reading. By 
doing this he will make himself familiar with the use of the 
chain and the poles, and in setting out lines of some fifteen 
or twenty chains before coming to long bases ; he will thus 
get accustomed to the little difficulties to be overcome in prac- 
tice, in laying out lines and in chaining them, in offsetting, 
and keeping his field book neatly and in an orderly manner, 
so that it may not be as useless as an entangled cobweb. By 
plotting his work, and attending to every tie line as a check, 
he will get used to straight-edges, scales, and compasses. 
He must not allow himself to be led into the delusion that 
because he has read these few elementary pages, he is per- 
fectly competent to undertake a survey of even a dozen 
acres. But if he puts our recommendations into practice, 
he will soon overcome the first difficulties of field work, and 
he will be far more able to follow us in more complicated 
matters, and to apprehend the application of our various 
suggestions. In offering this advice we feel perfectly safe, 
because we well remember our own deficiencies when making 
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our first practical field-work experiments, now many years 
since* 

FENCE AND DITCH. 

In order to keep onr first instructions as clear as possible, 
we liave hitherto avoided complicating onr explanations with 
any reference to * fence and ditch.* 

Supposing we are standing in a field, with a fence between 
ns and the ditch, we may, as a general rule, consider that the 
ditch belongs to the field in which we are standing ; con- 
sequently, it would not be correct, in surveying through such 
fields, to chain or offset up to the centre of the fence as the 
boundary of the field. It is the brow of the ditch which 
should be taken as the boundary ; but although ditches are 
often eight or ten feet wide, the allowance made for the width 
of ditch is generally taken as six links of Gunter's chain. 

Supposing, therefore, that in the case above we chain np 
to the fence, and find that the intersection of the ^ stick ' or 
^ quick ' is 84 links, then we should add 6 links, and enter 90 
in the field book ; similarly with regard to offsets. 

But let us now suppose that we are coming from the other 
way — that is, that we cross the ditch before reaching the 
fence. Then, instead of adding, we should deduct the six 
links. K, for instance, the chain crossed the quick or centre 
of the fence at 84 links, we should make a deduction of six 
links, and enter 78 in our field book. 

It must, however, be carefully observed that this allowance 
of six links is on the supposition that we are crossing the 
fence on the square ; if we cross a fence very obliquely, a 
much greater allowance for the chain intersection will be 
necessary. Where we have reason to be particular in this 
matter, it is best to put the point of the staff square into the 
fence, and see where the sixth link on the staff will intersect 
the chain ; this will give us the correct boundary. 

In making working surveys, or for the transfer of property, 
this matter of boundary is to be carefully attended to ; the 
neglect of it might render the survey worthless. 

We have said above that six links is the allowance to be 
made, generally. In some cases, however, a greater allowance 
has to be made, and, as a rule, where we have careful surveys 
to make, it is safest to make local enquiries. Where we 
come to palings, we have only to remember that the nails 
are driven from home, in order to guide us about the ditch. 
For walls, we take the wall as boundary, unless it happens 
to be a party wall ; but this is a matter in which it is very 
easy to obtain accurate information by making proper enquiiy. 
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Where we meet with ditches on both sides of a fence, it 
should be shown on the field book, and information obtained 
at the first opportunity. 

INACCESSIBLE DISTANCES. 

In surveying, we often find that we come to distances which 
we cannot obtain the length of by di/rect admeasurement. 
For instance, we may come across a pond, the comer of a 
wood too thick to chain through, a building, or a river, &c. 

In fig. 9, the chain line ab comes across a pond, perhaps 
four or five chains in width. Take any convenient point c ; 
set out the line ed, so as to clear the edge of the pond ; on 
coming to about 6, see where you can clear the edge of the 
pond again, so as to be able to chain to /; make marks at 
c, e, and /. Now chain ce, and make ed equal to ce; 
make a mark at d ; set out eg in line with fe ; measure 
fe, and make eg equal to it; make a mark at g. Now 
ascertain by measurement the length of gd, which is equal 
to and parallel to c/. This is one of the little matters where 
the chainage often gets wrong by mistake being made with 
the arrows. 

Let us suppose that in chaining along the base line 
AB, we find that the leader's end of the chain will fall in the 
water. Lay the chain in line with b, as far as it will extend 
to the edge of the pond, and let a chainman go round to the 
other side, to set up a white, some few chains forward. Select 
a point on the chain, a forty or fifty links, from which you 
can see clear of the edge of the water, towards d ; say that 
up to c the chainage is 2,450 ; enter this in yoxir field book 
at once, observing first whether your leader has six arrows 
in hand, there being none at the forward end of the chain, 
which would be in tibe water if the chain were stretched out. 
Chain on towards (2, and find a station at e, frx>m which you 
can clear the edge of the water in setting out fg ; make a 
mark at e, and make ed equal to ce. Now move on towards 
/, and make a mark there, exactly in line with b (the white 
sent forward), and with c ; drive a peg at /, and set out the line 
feg ; measure /e, and make eg equal to it. Measure gd which 
is equal and parallel to cf Let us suppose that it measures 
368 links; then 2,450 + 368 = 2,818. 

Then the chainage of the point/ will be 2,818. Take the 
chain up to this point, and lay the end of the eighteenth link 
on the chain at/; see that your leader has two arrows in 
hand, and your follower eight. Lay your ninth chain, mea- 
sure from c to the edge of the pond, and also from / to the 
other edge. 
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The whole of fi^. 9 will require to be sketched in your 
field book, in order that from the line ee and fe yon may 
^•t in the fonn of the |x>iid at the end where yonr chain 
lines have been laid. The chainage of the base may then be 
continu(?d. 

Instfmd of c fulling at 2,4509 B&7 that it is 2,850 ; the ten, 
or change of arrows would have been between e and^; if the 
line had been clear ; 2,850 + :^G8 is equal to 3,218. Yon will 
have to b(x>k '5,000 as bein^ in the pond. As before yon will 
have to lay the eighteenth link of the chain at/; your leader 
will have to take forward ei^ht arrows, lay one at the end of 
the chain, and your follower will have to retain two. 

In fig. 10 circumstances are rather different. We have 
here a river to eroHs on the line ab, and we must adopt a 
different niethcKl to obtain the width of it. 

Let a chainnian go forward with a pole, which is to be 
firmly set up exactly on the line ab, at about the point o* 
Then make ed equal to a ^iven number of chains, say four; 
set up D(i exactly at right angles with the base line, and 
make do a given number of chains, say three. Set up a 
]K)le at G, and another on the line ef ranging true with GO. 
MeaHure e f with care, and say that it is equal to 442. Now 
multiply (ID byDE, that is 400x300. Divide this by kf 
— 01); the quotient is equal to do. 

Ah a fonnula we shall have 

GDX DE 

DC = ^^3 =. 

ef — GD 

In the present instance de will be equal to 845. 

This problem is very clear in itself, but requires some care 
in carrying out in practice. If gd and ef are not parallel 
and vertical to eg at the points d and e, there will be no 
truth in the results, and if the bank of the river e D is rough 
sloping ground some care is required to make these lines 
what they should be, that is, for careful surveying. We are 
not now referring to approximate work, the practice of which 
the student will gradually drop into quite soon enough in all 
probability ; this we shaU refer to hereafter. 

In order to test gd and ef, produce them to k and j, 
making dk equal to dd, and e J equal to ef ; if all is right, 
c, K, and J, will all range in one line as well as ggf ; if other- 
wise, there is an error, which must be corrected. 

In setting up perpendiculars, more particularly on sloping 
ground, and where no instruments are made use of, the 
following method of using the chain may be had recourse to. 

From D, set on the base line twenty-five links on each side 
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of D, SO that mn shall be equal to half a chain ; at each of 
the points m and n pin down a handle of the chain. Take 
the fifty mark in hand, and draw the chain out towards g, 
nntil the lengths mf and nf are equally taught. A line from 
D, through/, will be a perpendicular to DC. 

Another method for measuring an inaccessible distance is 
shown at fig. 11, where ab, the base, crosses a river, the 
distance eg being inaccessible. Having fixed on the points 
E and on the opposite sides of the river, and exactly on the 
line AB, range out any line as CD, and set up a pole at any 
convenient point as g. Measure d e, and at Imlf the distance 
p set up a white, perfectly vertical, or a pole. Set out g h, 
measure gf, and make ph exactly equal to it; produce dh 
to intersect the base at i. 

Measure hi, ei, and eg; then hi is to ie as eg is to eg. 

If the base had been the line DC, instead of ab, the length 
of GO might be ascertained by the same problem, for ih is 
to HE as EG is to GC. 

Laying out the base lines of a Survey over an extensive area 
generally requires very considerable attention, more parti- 
cularly if this area is very irregular or unsynmietrical ; it is 
often necessary to perambulate the ground once or twice 
before deciding on the lines which are to compass the survey, 
or on the diagonals. It is, however, quite possible to waste 
time by doing this too often, or at least oftener than is 
absolutely necessary in practice to procure a good survey. 

There are two or three maxims to be attended to in laying 
out such base lines; the diagonals for instance should intersect 
near the middle of the survey ; aU angles should be as nearly 
as possible equal to sixty degrees, and the ground should be 
divided into as few triangles as possible. Where we have 
such areas as are shown in figs. 2 and 3, acting on these 
maxims offers no difficulty ; this however but seldom occurs, 
and instead of figures which may be encompassed by quad- 
rangles of pretty nearly equal sides, we often meet, on the 
contrary, with areas for which they would be totally un- 
suitable. 

For instance, in fig. 4, diagonals would intersect at very 
acute and obtuse angles, which renders the correct intersec- 
tion very uncertain ; and in fig. 12 the quadrilateral has two 
opposite sides very unequal, and the intersection of the 
diagonals is very far from the centre of the survey. A more 
suitable figure is the triangle E p b. This would be ascertained 
by going once over the ground, even supposing there was no 
former map to consult. Even this much shows the advantage 
of walking round the boundary of the area to be surveyed. 
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If to this wo add the preoantion of ezamining firom the 
iiitoriur, M^lectiii^ fur this porpow the highest gronndy and 
noting objecti» 8<.*lecied on first going ronnd, the direction of 
the diu^unals or intersecting bases will be pretty ivell de- 

fintHl. 

Having, for instance, decided, in fig. 12, on a triangle 
instead of a four-sided figure, we know, firom what we have 
already obsen'ed in a former page of this cJiapter, that the 
intersecting base's gi and be should fiall as near as possible 
at about the middle of the sides ab and EP. This point 
boing settled, we have only to examine the ground a little 
to see when^ we can lay out these lines, so that they shall 
run sufiiciently uc*ar fences, streams, &c., in order that we 
may pick up as much offsetting as possible along such base 
lines. We must also as far as possible see that they run 
near, but not through, the intricate portions of the survey, 
so that we may have stations conveniently near sncli work, 
to start secondary lines through. For instance, unless the 
survey is verij extensive, the bases FO and bh should lay so 
that we may run useful lines from them into the enclosing 
biises EF, FB, and be. If the main bases of the survey were 
a couple of miles in len<^th, these secondary lines woidd not 
bo more thuu forty or iifty chains. A few of these so com- 
])letely divide the principal triangles, that the remainder of 
the work is very simple. Hence the advantage of a carefol 
oxiimiuation of the ground in the first instance. 

Not only do we thus obtain symmetrical and well-balanced 
triangles, all the sides of which are well checked by lines 
which are useful base-lines, but we also reduce the labour for 
the remainder of the work ; there is no going backwards and 
forwards to see where such lines should lay ; they, the se- 
condary lines, are of such inconsiderable length that at about 
the middle of them we can see both ends, and the work they 
will pick up by ofisetting ; there is but little trouble in sight- 
ing them, and one or two poles or very few whites are all 
that will bo required. 

For surveying by chain only, the system of dividing and 
subdividing triangles, by similar figures, is the most sui^ble ; 
it is the most easy, unless your triangles are badly set out ; 
errors are readily open to detection, and it is the easiest and 
most accurately plotted. 

We very often, however, meet with surveys on a large 
scale, the outlines of which are so unsymmetncal that it is 
almost impossible, without great labour, to enclose them or 
divide them by triangles, with well-proportioned sides and 
angles. We meet with a case of this kind in fig. 13. After 
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going over the ground two or three times, we found it best at 
last to set out a couple of diagonals, ab and ed, intersecting at 
0, pretty nearly at right angles. The sides ad and db gave 
us two good triangles, and tih.e main triangle ad b was tested 
by the position of the tie do. 

It was, however, evident that in plotting this triangle, and 
the lines so far, we should have to lay off ce by producing 
DC. We therefore had to check the position ce; this was 
done by chaining a line from E to a, laid out at the same 
time so as to take up some of the fencing by offsets ; we took 
a farther check by chaining a line from l on eg to the other 
end of the base b. This fine lb had very little work on it, 
but it was a good tie. The exact position of l was deter- 
mined, not only because it would pick up the fencing near a, 
but also between pl, in the interior, though this portion of 
the work is not shown. 

In fig. 14 we have another unsymmetrical outline, but it 
was pretty well enclosed by the main triangle a bo, with 
fairly proportioned sides and angles. We had now, however, 
to deal with the hollow dnhg ; to get at this, we threw up 
the internal triangle dpg, producing dp to e, which gave us 
a good check on the main triangle, the whole of which was 
further tested by the tie pl ; farther, e f and pl are tie lines 
for the smaller triangle dpg, had this been needed; but the 
line D E being fixed in position by chaining from station d 
on the line bo to station e on ac, its being measured cor- 
rectly would to a great extent prove itself; it was essentially 
a tie line, a also is a fixed point, being a station in b c, and 
p also has been made at fixed points well ascertained, by 
being a station on the tie line de ; therefore fg is a tie line, 
proving the former work, and at the same time its own 
chainage. It was safe to produce such a line for the short 
length GH, so as to fix the point h, and the length and direc- 
tion of GH were tested by the tie line from h, through the 
station i on to the station e, the three points being all in one 
line. 

It may thus be seen that very good work, even on a rather 
extensive scale of land surveying, may be done with the chain 
only. This is in a great measure effected by the surveyor 
combining in his mind, fit)m the first, the secondary lines 
with the first. In the course of his first walk over the 
ground, which he should take leisurely and with as much 
observation as possible of everything in the shape of marked 
objects, particidarly prominently shaped or remarkably co- 
loured, trees. On a second examination, by having in mind 
the position of such objects, he will probably be able to deter- 
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mine pretty nearly, if not quite, the position of sncli points as 
ABO, by standing himself at one of these, always supposing 
however that he has not a great wood on one of the ontedde 
lines, as this wonld probably alter the face of things alto- 
gether, and lead him to adopt a quite dififerent fomt, 

K the points a, b, and c, are all above the ordinary level, 
this will of course materially assist our operations ; or one 
of these points being on high ground may be made of great 
service in giving us something like a view of the other points. 
Instead of being on high ground it may be the reverse, and 
every one of them may be in a hollow. 

By two persons, however, standing on the highest ground, 
about one hundred yards apart, on either side of the three 
bases, they may approximately sight each other, so as to 
determine pretty nearly how much any two distant points, 
as for instiuice c and b, will require shifting to the right or 
left ; and similarly with regard to the other two lines B a and 
CA. We do not recommend too much time being spent over 
this operation, for instance as to whether a, b, or o shall be 
two or three chains, this or that way ; at the same time let 
it be well remembered that a total disregard of the subject 
may have for one consequence the chaining of lines through 
a blank country, that is, on which very little offsetting may 
be picked up, which will necessitate parallel lines being 
chained for te,king up the offsets only, and which may nearly 
double the amount of work. 

For this kind of work, that is, surveys of an extensive area^ 
we always have our poles about twenty feet long ; we have 
described them elsewhere. In fine weather we have two of 
them tied together, one above the other ; this gives ns about 
thirty-five feet, and with a little red and white flag at top 
we can generally see this a mile or two off, above the fences, 
particularly if we take the trouble to look for ground a few 
. feet above the ordinary level. 

In windy weather, however, the matter is more trouble- 
some, and we want something stronger ; for this purpose we 
often hire two or three of the lightest scaffolding poles we 
can secure, and tie one of our fiag-poles to these. Unless we 
can find a tree handy, against which we can lean this long 
pole for an hour or two, it may be necessary to leave a couple 
of men to hold it up, after we have partly stayed it as well 
as momentary requirements will admit. It does not take 
much time to do this, nor is it very expensive ; even on a 
long base and in a hilly country, one day should completely 
establish the position of a good base. 

Of course this is very dull reading to the practised sur- 
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veyor; but probably he will remember the time when all 
these little suggestions would have saved him much time 
and labour, as well as results less satisfactory than they 
would have been if some of these precautions had been 
adopted. 

We have often to make surveys of estates not within a 
ring fence ; the property lays in scattered groups of fields, 
but they require being laid on the map in the exact position 
in which they are situate on the ground. To some extent, 
therefore, the properties around require to be partially sur- 
veyed, at least chained through, particularly where there is 
an opportunity of purchasing any of the property outside of 
the estate. We have an example of this kind in fig. 15. 
After what we have already said on the subject of bases, the 
reader may judge for himself how some of these cases have 
to be managed, and he will also see that there is much more 
trouble and expense attending these surveys, acre for acre, 
than in an ordinary case. 

We will take one more case deserving consideration. This 
was a survey on the coast, where there were some lofby clifis 
which required to be included in the survey, as well as the 
foreshore as far as low-water mark ; there were, besides, two 
deep and wide ravines projecting inwards from the cliffs ; the 
outline and base lines are shown at fig. 16. 

There was some doubt about the two base lines ab and be. 

Almost the whole of the ground was covered with wood. 
BE was set out as the first base, but as the work progressed 
it was considered too far from the boondary ; it was, how- 
ever, carried out throughout its whole length, because it took 
up a considerable quantity of offsetting, and because it was 
a good line to start others out of towards the diff, without 
the imperfection and trouble of sighting and chaining lines 
through the woodlands ; but it was in no way considered as 
a tie on the great triangle abc. 

The base bo gave us no trouble ; the main tie on the great 
triangle was the line pg. 

We made use of the two bases ab and e b by running lines 
which intersected and tied them at the same time that they 
gave us the offsetting for our very irregular boundary. For 
instance, we had the triangle lnb, of which the side ln out 
of BE intersected ab at m; and lk intersected it at o; be- 
tween p and K was all thick w<X)d. 

With regard to the lines ao and do, the relations were 
somewhat analogous to those of ab and de. On ac v^e had 
two bad places, the crossing of the ravines, where the cliffs 
were very deep, about seventy feet, and where moreover they 
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were full of brushwofKl and very rugged. This line was only 
Bi^htcd thruu«;huut9 and accessible portions were chained as 
cw and tq, &c*. 

Another baso, cd, was chained, and tie lines zuvw, bbt, 
&c., were run tyin^ the whole ; these lines took up the fences 
by the side of the ravine, which at sv was shallow and clear, 
and gave us no trouble. 

These few hints have been given to explain how by a little 
study, even disadvantageous circumstances may be made use 
of without entailing too much trouble. 

We have already alluded to the cliffs and foreshore, which 
required connecting with the main survey. 

This had to be done with some considerable care, because 
we had to show the foot of the cliffs, high and low water 
mark, and all tlie ledges of rock, which consisted of yaluable 
limestone valued at 7«. per ton. 

A valuation of this was required, and to obtain the means 
of doin^ this we had to take numerous sections to show the 
quantities of rock above low-water mark at sprmg tides. 

The theodolite had to be used to set out the projections of 
the bases and secondary lines down below the edges of the 
cliffs. Although the subject of surveying with instruments 
is beyond our present range, and as we shall very shortly 
have to describe the thjeodolite and its use, we will refer 
shortly to the means employed, to prevent our referring to 
this particular subject further on. 

The lines bc, xw, &c., and some of the secondary lines, 
had to be produced towards the sea as far as possible ; they 
were therefore produced first to the edge of the cliff, which 
were in all places very abrupt, and in some cases nearly ver- 
tical. A few poles were set up on the back lines, and the 
theodolite set up as near the edge of the cliff as possible; 
the instrument was planted so as to make the axis of the 
telescope range true with all the poles; the telescope was 
then reversed, and two poles set up in line, one as near the 
foot of the cliff and the other as far out on the ledges of rock 
as possible. Of course the lines on the foreshore uniting 
these points were all tie lines. 

But we had also to find the horizontal distances between 
these points and the edges of the cliffs ; the lengths, some of 
them upwards of 350 feet, were all measured with long line 
twine, which was afterwards measured with the chain ; these 
lengths were all diagonal, and not the horizontal distances 
required ; the angles of inclination were therefore taken at 
each point, and the horizontal distances were reduced in the 
following manner. 
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The theodolite being set up d.t a, fig. 16a, its height above 
grotmd was measured with a tapej a levelling staff was held 
at B, and the intersection of the hairs of the diaphragm was 
made to intersect at the same height on the levelling staff. 
The instrument was then clamped, and the angle of inclina- 
tion was read off on the vertical limb. 

In one case, that in hand, the reading was 33** 10', and the 
length AB was 165 feet. 

Now observe that db, which is the horizontal distance of 
B from A, is the line of the angle bad; from the tables of 
natural lines take that due to the angle 33** 1 0', which is 
equal to 0'6471 ; multiply this by 165 feet, which is made 
radius ; the product, equal to 90*27 feet, is equal to the hori- 
zontal distance required, and to be plotted on the map for 
the point b. 

Similarly the angle of depression to o was 45** 22', and the 
length AC was equal to 210 feet ; the natural line of 45** 22' 
equal to 0-7116, multiplied by 210, equal to 149-436 feet, 
which gives the Jiorizontal distance ge, also to be plotted on 
the plajQ. 

The differences of level were not important to our work, 
but we ascertained these also as matters of interest. 

AD is the difference of level between A and b, and also 
AD is the cosine of the angle dab, being a perpendicular to 
the line db, and intercepted between it and the centre a. 

The natural cosine of the angle 33** 10' is 0-8371, and 
multiplying this tabular number by 165 gives 138-12 feet, 
equal to ad, the difference of level. 

Similarly, the natural cosine of 45** 22' in the tables is 
0*7026; midtiply this by 210 feet, the inclined length from 
A to ; the product, equal to 147-546, is the difference of 
level between o and a. Nothing can be easier than this, 
and the use of the most ordinary tables of interest is not 
more simple. Of course we have not given these examples 
for the practised surveyor or the mathematician, but to 
induce the young surveyor to study the application of such 
simple trigonometrical calculations. We wish we could find 
a more simple expression, for we believe it would lead to a 
more extensive practical study of the subject. 
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CHAPTER III. 

CHAiy-SURVEYIXa. 

THE Sl'RVETS OF ESTATE^ AND FOR ROADS AND RAILWAYS 

WITH THE CHAIN ONLY. 

We are not partial to the practice of making extensive sur- 
veys with chain only ; it has, however, oiEten to be done ; and 
there is no reason why it should not be done with perfect 
accuracy ; we only consider that it takes up more time and 
gives much more trouble than when the proper instruments 
are used. 

We give an estate survey at fig. 1 7, made with the chain only. 

It is always an advantage in such a case to have any old 
map or plan, however indiiferent it may be^ as it affords great 
assistance in the laying out of the chain lines ; in this in- 
stance, however, it was not forthcoming ; we had therefore 
to examine the ground well at first before laying out our 
lines, and the view in some instances was marred by a con- 
siderable growth of fine timber. The first thing to be done 
was to lay out our main lines through the estate and en- 
closures. We took the highest ground for our first point of 
examination ; this was at about A. 

There was a large tree in the distance, out of the estate, 
standing by itself, and in the direction of line i; we had 
therefore only to choose our point a for commencing at. In 
this we were guided by the object of getting a line on which 
we could obtain as much offsetting as possible right and left. 

The point a being definitively chosen, with a view to lines 
right and left of A, we left a pole there, that we might be 
able to see the starting-point in our farther preliminary ex- 
amination of the ground ; in order, also, tliat in doing this 
we might have the direction of the line, we sent on a chain- 
man to set up another pole at about half way on the line. 
Having directed the planting of this pole, we walked along 
the line, examining the side lines that would be required, 
with two objects in view — the offsets we should get upon 
them, and also there being good tie lines. 

On getting at about the middle of the ground, where we 
could see to the right clear of the farm buildings and the 
orchard, and to the left clear of the wood, we looked out for 
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another Kne, to go as much as possible through the centre of 
the estate. We should have liked to get nearer to the point 
A, but this would have involved running through the farm 
buildings and through the wood, which would have caused 
delay, and would not have given us more offsetting. 

This led us to the left of the grounds, when we pretty well 
determined on line 4, at least approximately ; we returned 
to the base, line 1, and determined the intersection of line 3 
and line 1, because from this point we could get a good line 
7, to take up the fence of the wood, give us a good station in 
the road, and fix)m the end of which we could return to 
point A. 

This being settled, we went up the road to the other end 
of the estate. 

We here examined the position of line 2, with regard to 
its taking up offsetting ; with regard to its commencement 
in connection with the end of line 1 and commencement 
of line 4, and with regard also to its termination and the 
commencement of line 3. Line 2 was then poled out, a pole 
left at the end of line 1, and we walked back down line 4, 
boning it out as we went along ; determined the end of it in 
connection with line 5 and the point A. 

Our main lines were thus all determined upon. The chain 
was cast out at a, and the chaining commenced from this 
point. The stations we left will all be seen by the intersec- 
tion of other lines with line 1 ; they were almost all fully 
determined as we went along, so that there should be no 
after delay when we came to the side lines. Thus when we 
came to station 1,060 (see * Field Book,^ line 1), we deter- 
mined the line 10, by setting up whites in the direction it 
was to run ; and the same as regards line 9 ; in doing this 
we had regard to the road lines. 

On coming to our main intersection of line 1, we looked 
out for the pole left at the end of line 2, and determined on 
station 2,770, line 1, with due regard to the production of 
line 3 into line 4. At 3,590 we left a station and white for 
line 15, and terminated line 1 at 5,060. 

From the end of our base we turned acutely to the left, on 
for line 2 at once, it having been boned -out; settled about 
the little triangle to take the stream on the right of line 2 ; 
determined the station in the road at the apex of this triangle, 
so as to get a tie line, which should run down a portion of 
the road ; and chained straight on to the end of line 2. 

Before commencing line 3, and being at the end of the 
estate, we boned out line 15, with the assistance of the white 
we had left at station 3,590, line 1, and set out line 16. 

E 
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We thon chained line 3, left a station at 930, to run a line 
back to lin<^ 10 by the side of the stream; chained on to 
intersection 1,505 on line 15, on to 2,735, or 2,770, line 1, 
and to the end, taking the intersection 3,960 of line 4. 

"We then went back to the end of line 1, commenced 
ehainin<if line i, and chained on, leaving the necessary sta- 
tions, until we reached onr intersection of line 3. This gave 
US 2,700 on line 4, or 3,9G0 line 3. This closed our day's 
work. 

In the ev(»ninf^ we plotted the work as far as it had pro- 
gressed. We will now say a few words about this. 

The chain used on the survey was the 100 feet chain, and 
the work \ms plotted to a scale of 200 feet to the inch. The 
base line 1 , being 5,000 feet long, the line on paper would be 
a little more than 25 inches long, or 25*3 inches. This is 
not a very long line, but some little care is required never- 
theless in laying it do\vn. 

Plotting the Dai/s Work. — Lay your straight edge on the 
sheet of paper, which should be quite flat, and lay a weight 
at either end of the rule to keep it steady. Use a sharp- 
pointed pencil, and draw in a long straight line, by keeping 
the point of the pencil close against the edge of the rule, 
and by holding it perpendicular over the paper the whole 
way. This being done, take your scale, which will probably 
not be more than one foot long, and lay the zero at the point 
on the line which you have selected for station a, and with 
a needle-point prick off the first 24 chains, which vnll give 
the utmost length of your scale ; now move the zero to the 
24 chains, and repeat the operation; lastly, prick off the 
remaining 260 feet. Now lay your zero at the 5,060, and 
repeat the operation the other way, to test your work and 
the scale. 

If you find all correct, you may now prick in your stations, 
from A, round each of which draw a little ring in pencil 
to distinguish them, and number them 4acco"rding to your 
chainage. 

We have now to get in line 2 ; up to the terminal station 
it measures 3,450 feet, which is too great a length for any 
ordinary compasses; we must, therefore, have recourse to 
the beam compasses, by means of which we can describe 
arcs of any length, eight or ten feet for instance, if the beam 
is long enough. 

In order to get the length of line within the beam com- 
passes, lay off with the straight edge a line on the paper to 
answer the purpose of a long scale ; on this prick off the 
length you require, in this instance 3,460 feet; take this 



PLOTTING THE DAY'S WORK. 51 

distance within your beam compass, and from station 5,060 
describe the arc of the circle for line 2. 

We may now refer to station 2,770, line 1 ; up to which 
point, from line 2, the chainage was 2,735. Having laid 
this line off on the scale line above referred to, take it 
with the beam compasses, and from 2,770 describe an arc 
intersecting the former one. With the straight-edge, draw 
in lines 2 and 3, very carefully producing the last, as it 
intersects line 4. The lengths may now all be tested with 
scale, and line 3 produced to the length of 4,200 feet, making 
a station vrith needle-point at 3,960, where line 3 intersects 
line 4 ; from 3,960 draw a straight line to 5,060, the end 
of line 1, and see if with the scale it measures 2,700. 

This is merely for the purpose of testing the day's work, 
because the triangle formed by lines 1, 4, and 5, should be 
laid down independently, in the same manner as the former 
triangle ; the station 2,700 should then be pricked off on 
line 4, from the end of line 2 ; we should then carefully 
examine two things : the line from the end of line 2, drawn 
through intersection 2,770, line 1, to 2,700, line 4, should be 
perfectly straight, and the portion between these two stations 
should give exactly the length shown in the field book. 

We believe enough has been said with regard to the work 
up to and inclusive of line 5, The triangle formed by part 
of line 1, and lines 6 and 7, shows plainly that it was laid 
out to take up the fences ; this triangle was tested by line 9, 
which was carried on to line 5. Line 8, along the road, was 
run from a station on line 6, into a station on line 9 ; and 
this line would be laid on paper in the same manner. Simi- 
larly the next line in the road was run from the end of 
line 8 on to a station on line 7 ; the next from the end of 
the last line on to a station on the road on line 3. Line 13 
was run from a station on line 9 on to a station on line 4, 
the intersection with line 3 being taken, and a station left 
for running line 14 into a station on line 1. 

We have referred to aU these lines to show that they are 
to be plotted on paper by the same means they are set out 
and chained in the field ; that is, by drawing straight lines 
from, and to given points on the paper, and which are given 
by the fact that they are pricked off on given lines. 

In the course of the preceding observations, we have re- 
ferred to the scale line laid down on the paper. It is to be 
noted that paper almost always contracts very much in the 
course of time. It is also very liable to be affected by atmo- 
spheric influence, and, on different days, long lines measured 
with the scale may be of very different lengths. But if we 
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have a scale on the same paper, it will contract and expand 
with the other lines laid down on the plan. 

Tor these reasons, the plots of extensive surveys should 
always have a scale laid down on them from the beginning of 
the work, and where great accuracy is required, there should 
be two different lines with the same scale upon them, one at 
the foot of the plan, along the breadth, and the other up the 
length of the paper, the contractions in these directions being 
sometimes unequal. Let it be understood that we are now 
referring to surveys, where accuracy is of importance. 

Scales are liable to be affected by the same influences, and 
in the same manner ; that is, expansion and contraction, but 
boxwood less than ivory. 

A matter, however, of even greater importance, is the 
elongation which surveying chains are liable to from hard 
work ; they have been known to be as much as three and 
four links too long. 

The chain should, therefore, be often tested ; new chains 
almost every day, when hard work is going on, and compared 
with a standard chain ; in disputed cases, this latter chain is 
sometimes made use of instead of the ordinary one. 

But to return to our every day work ; when the surveyor 
reaches his quarters, before commencing his work, he should 
cast out the chain on a piece of level ground, stretch it 
straight and drive in a couple of stumps at the chain length, 
nearly flush with the ground ; then drive a strong nail into 
one of them ; over this pass one handle of the chain ; pull 
tight over the other stump, and drive in a nail, at the chain 
end, into the other stump. This will give a standard with 
which the length of the chain, if new, should be compared 
every day, and always at least every two or three days. 
When it is found to have lengthened, the elongation should 
be measured, and the chain should be taken to the nearest 
smith to be shortened in the presence of the surveyor him- 
self; otherwise one or two of the rings uniting the links may 
be taken ofe 

We have here supposed that the chain when first about to 
be used, is known to be of the correct length ; if this has not 
been previously ascertained, we must obtain our standard by 
different means. 

Drive in a couple of stakes some distance apart, more than 
a chain length, and strain a cord tight between them ; from 
one end, where a nail has been driven in, set out along the 
length of the cord the length of a chain ; this may be done 
with a ten feet rod, or a tape if you are sure of ite length ; 
we prefer the former ; measure the length over again, to be 
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sure it is correct, and drive in the other stamp, and the nail 
at the end of the exact chain's length, as measured with the 
rod. There should, in feet, be two such rods, placed end to 
end, the first being moved on when the second has been laid. 
In ordinary cases we may dispense with one of them, by 
driving the point of a knife at the end of every length as the 
rod is laid. 

Railway and Road Surveying with the Chain ofily, — For this 
work our operations are similar to those above described, 
but we have only a long strip, instead of great breadth as 
wen as length, generally not more than ten chains (Gunter's) 
on each side of the centre line ; unless, in very particular 
cases, the work is not done with that minute care which we 
should bestow on surveys for the transfer of property. We 
are now referring to Parliamentary or ^'Mast-Parliamentary 
work. 

Very often, indeed, these surveys are merely approxima- 
tions to accuracy, and sometimes even there is a considerable 
amount of guesswork about them. The student must bring 
himself by practice to understand how far he may venture 
in exchanging rapidity for accuracy ; it is very certain that 
the description of work we have been describing above 
would not give the satisfactory amount of chaining for a 
day's work, for Parliamentary work. 

In fig. 20 we give an example of railway surveying, where 
we shall endeavour to explain, as clearly as possible, how the 
work is carried on, quickly and with sufficient accuracy for 
the purposes required. 

In the first place, we shall suppose that we are working at 
home, which diflfers very widely from the surveying opera- 
tions which the engineer has to carry on abroad ; at least, in 
most countries to which the English surveyor is sent. We 
will farther suppose at first that we are working without any 
other guide than the Ordnance map. 

This map is to a scale of one inch to the mile, and shows 
roads, railways, rivers, canal streams, buildings, hilly ground, 
and all leading features, but none of the details of iiie pro- 
perties to be traversed in the course of the survey. Conse- 
quently, the surveyor has only these features to guide him 
in selecting his chain lines, and it is only after a little practice 
that he becomes acquainted with all the value of this map as 
a guide. 

The portion of Ordnance map handed to the surveyor 
shows tiie general route, generally marked in red, and laid 
down by the engineer in charge of the proposed works. 
This and the above-mentioned features, roads, streams, &c.. 
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must gnide him over the country in laying down his chain 
lines. The student will do well to familiarise himself, not 
only with the Ordnance map itself, but also with the way it 
is to be used in the field ; this he may readily do by always 
taking about with him in the coimtry the Ordnance map of 
his district ; by frequently consulting it he will become 
acquainted with the manner of using it, not only for ordinary 
purposes, but for those we have now in hand. 

We must now suppose him to have reached his quarters, 
and to be supplied with so much of the map as contains the 
work confided to him ; to have engaged his chainmen and to 
be starting for his first day's work. 

One of the great advantages of the Ordnance survey is, 
that every little block of buildings, even small farms, have a 
name attached to them ; unfortunately, however, the people 
about the country do not generally know it, and it some- 
times takes some time to get a fair start ; that is, to be able 
to say, * There is " so and so " farm or mansion, and my 
work passes within a few chains of it ; ' but having once got 
a starting point, it is very easy to connect other buildings 
along the line with those shown on the map. 

In our example there is a little block of buildings at n, 
which will at once be a guide, also the fork in the road ; the 
road runs down towards the sudden bend of the railway line 
from the buildings, to a sharp skew crossing of the road, at 
a certain distance from the fork of the roads. 

These are quite sufficient to get a fair start on the field- 
work ; now for laying out the chain lines. We see by fig. 20 
that we can get on to the ground by two roads ; in choosing 
the end at which to commence our laying out, we shaJl 
probably be guided by the selection of high ground, from 
which we can get a view of the country right and left. 

We had high ground at b, in fig. 20, from which we could 
see forward in both directions. The Ordnance map was held 
so as to lay north and south, and then, looking over the 
country towards A, we caught sight of a tree at a distance ; 
and although a line from a to b is rather off the works, we 
took it as a first base, because the whole of the ground had 
to be surveyed. 

The chain and some of the poles had been sent on to a, or 
we should have commenced work at once at b, but we took 
advantage of being on the spot to set out some side lines, 
EDO, to look at the work beyond b and q, where the works 
were to take a sharp reverse curve, to set out the line oo as 
we went along towards the point A, the exact position of 
which was ruled by the line ja. With three poles and a few 
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whites the whole of the work was set out, and a pole left at 
A ; the chain was east out, and we chained on for b, leaving 
the required stations for running the side lines, and these 
stations were marked with whites, not only in order that 
they should be readily found when wanted, but also that we 
might be able to chain to them when required, without the 
trouble of setting up poles, which involves running back- 
wards and forwards, and much loss of time ; for short lines 
out of bases, and for this kind of work, we always sight upon 
a tree or bush. 

On reaching the wood, we set out the little rectangle 
ahcdy just sufficient to clear it, and booked the whole figure 
in our field book ; we then chained right away for b, and a 
little beyond. We may now observe that the oflfeets were all 
paced, instead of being measured with the offset staff, and 
much of the minute accuiucy required in the former survey 
was in this case overlooked. 

It will be unnecessary to say anything of the work now 
behind us on the base a b ; the lines shown in the figure 
explain the work done ; it was all done by triangles out of 
the base, and what we have said with regard to fig. 17 
fully explains the method in which the chaining was carried 
out in fig. 20. On reaching, however, the ground between 
K and B, the direction of the base work required to be 
changed, on account of the curves on the proposed line of 
works. 

For this purpose the line obq was laid and kq, both being 
produced as fex as required, when other lines were again 
thrown up, to follow the general line of works ; in carrying 
this out we • have to keep in view lines which will take up 
the offsetting and check the work, as for instance the line 
EDO, so as to include all the fences, &c., within ten chains on 
each side of the centre line on the Ordnance map. One most 
important object is that nothing on the ground shall be 
omitted from the map, that is in the shape of enclosure, build- 
ing or road. 

We now come to the case of road and railway surveying, 
where we make use of some existing map, generally a por- 
tion of the parish map. 

When the surveyor is not supplied with a tracing of this, 
he will have to take it himself from the parish map, which 
he can always obtain, from the clerk of the parish, by paying 
him a slight fee. 

On this map, as far as it extends, the surveyor traces out 
the general darection of the line given on the Ordnance map, 
and takes a tracing some ten or twelve chains wide on each 
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side of the centre line, paying particular notice to the parish 
boundaries. 

The centre line of works may then be roughly shown on 
the tracing, and he can then very easily see on tiie grounds 
whereabouts the proposed works are to be. 

He lays out his base line accordingly, chains and picks up 
the offsetting for some four or fire chains on each side ; at 
the same time he compares his tracing with the ground, to 
see what alterations may have occun^ ; as, for instance, 
fences giubbed up and new ones raised; changes in roads, 
new buildings, &c., &c. 

Often it is only when the direction of the base line is 
changed that more lines than one will be required; the 
extra lines being required to fix the change of direction. 

To get the remainder of the work on paper, after the whole 
of the field work has been plotted, the tracing fi-om the 
parish map is laid down on the plotted field work, so as to 
make the new work and the old coincide as nearly as pos- 
sible ; generally speaking, it will be found that the parish 
map has considerably contracted, sometimes enormously so. 
In this case we must fit a piece at a time of the old work on to 
the new, and prick through, from the tracing on to the plan, 
the fences we have not included in our field work, taking 
care that all alterations are carefally attended to on the new 
plan. 

Of course the reader will have understood that all these 
alterations, when they have occurred, are duly shown on the 
tracing, by the surveyor, whilst he is in the field. 

If in pricking through, in the above-mentioned manner, 
the fences from the parish tracing on to the plan, we are 
carefiil to prick lightly, and only at about the sixteenth of 
an inch apart, there will be no difficulty in tracing the 
needle points on the paper, and thus getting in the fences, 
roads, streams, buildings, &c., which have not been included 
in our field work. The reader will observe that this is by 
no means difficult ; but it requires care and a little practice, 
particularly to do it at the rate required during the prepa- 
ratory parliamentary session. 

It is a habit which, however, may be very easily acquired, 
because it may be practised at any time by the young man 
who is anxious to acquire the routine habits of field and 
office practice. 

Having, however, got in a portion of his work, perhaps a 
quarter of a mile, or even ten chains, the surveyor shifts his 
tracing forwards, so as to make another portion fit, and he 
repeats the whole of that which we have pointed out above. 
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Very often, however, it happens that the parish survey has 
been plotted to a diflferent scale to that which we are nsing ; 
in which case the parish tracing will have to be reduced to 
the proi)er scale. It is, therefore, very important, when 
taking the tracing from the map, to trace off also the scale. 
Where a line runs for a mile or two through one parish, it 
is worth while to do this work with some little amount of 
care: — we will not venture to say great care, because, 
undoubtedly, * sharp work, near enough,' is the great thing 
required in parliamentary work; the important thing to 
learn is to be neither fastidious nor careless. 

The ordinary parliamentary scale, for some years past, 
has been six chains to the inch, so that a quarter chain, 
17i feet, is represented by only the twenty -fourth part of 
an inch. 

It is due, however, to the student to observe, that this 
kind of work has sometimes to go through an extra severe 
ordeal under * standing orders,' We Imew a case, some 
years ago, where a scheme met with a very determined op- 
position, and where the opponents had every inch of the 
ground gone over carefully surveyed. In such cases, where 
parliamentary plans have been prepared entirely in the 
above manner, that is with one base line and parish plans, 
unsound work becomes very apparent, if the parish surveys 
happen to be bad, which is not a rare occurrence. 

However lenient the Examiner may be disposed to be, in 
view of a violent opposition, the array of allegations is for- 
midable. 

We have now noticed both sides of the question, and the 
student must learn to acquire habits that will suit different 
demands in his work ; he must try and learn to be * near 
enough,' and yet not careless. 

To one who is determined to learn, we would say, after all 
we have now written on the subject of Elementary Survey- 
ing, take a chain and poles, and go and survey a mile of 
fields, as for parliamentary purposes ; do it steadily and care- 
fully at first. Let this be plotted. 

He may then survey this mile over again, but laying out 
different chain lines, and bind himself to do it in half the 
time ; let him make a plot of this also, and a tracing of it, 
which he may lay on plot No. 1. He will then see how far 
he may venture in producing rapid work. 
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CHAPTER IV. 

SURVEYING INSTRUMENTS. 

THE CROSS STAFF ; OPTICAL SQUARE ; PRISMATIC COMPASS ; COMPASS SUR- 
VEYING ; CIRCUMFERENTER ; BOX SEXTANT; VERNIERS; THEODOLITES 
(cradle transit and EVEREST) ; HADLEY'S SEXTANT. 

The Cross Staff is a very simple but rather old-fashioned 
little instrument. It is principaUy used for setting out right 
angles on the ground, which it does very accurately; and 
in mere chain surveys it is undoubtedly very convenient for 
setting out lines of any moderate lengtii perfectly square to 
a base line ; vrhen these lines, hovrever, are not made too long, 
and in very sloping ground, where the eye only is very apt 
to deceive the observer. 

If the instrument has been well made, and is of any mode- 
rate size, it may be used advantageously in boning a line 
through a wood ; and also in setting out short bases, if no 
better instrument is at hand, more particularly in crossing 
any high ground with a sharp ridge, where two observers 
sighting each other on back and forward objects would only 
have a very short range of country between them. 

The instrument consists of a hollow cylinder, with sights 
very correctly set by the maker at right angles to each 
other ; when the instrument is used, it is set on the top of a 
staflF, which is thrust into the ground exactly at the si^tion ; 
it is then turned round until, through a pair of sights in line 
with each other, the observer can see an object in tiie distance 
in line with the vertical wire. If there be a forward object 
which he can see also, he may then go to the opposite side 
of the instrument and again look through, wheviy without 
touching the instrument, he should see the forward object also 
in line with the wire ; if the wire does not intersect the 
object, then he is not exactly on the line ; but if the inter- 
section is correct, and he now wishes to set out a line at right 
angles to this base, he makes use of the other pair of sights ; 
to do this, he has only to send a chainman forward, with a 
pole or with a white, who, according to the directions he will 
receive from the observer at the instrument, is to set up his 
pole or white, and which will then be on a perpendicular. 
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Some cross staves are made with sights, intersecting at 
angles of 45**, as well as at 90° ; these may of course be used 
in the same manner for setting out lines at such angles ; and 
to the surveyor who generaUy makes use of the chain only, 
that is, without the assistance of the theodolite, this cross 
staff is very often of considerable use. 

THE OPTICAL SQUAEE. 

The optical square is a little reflecting instrument, also for 
setting out right angles, or for finding where a perpendicular 
from a given object will fall on a given base. 

In flat level country the optical square is a very superior 
instrument to the cross staff. 

This instrument consists of a round shallow box provided 
with two mirrors, which are set so as to reflect an angle of 
90**. In setting out a right angle with this little instru- 
ment, the observer stands at his station, looks through the 
unsilvered portion of glass to see a forward object, when the 
object which is reflected in the silvered portion of the glass, 
and corresponds also with the object seen by direct vision, is 
at right angles. Similarly, if we want to drop a perpendi- 
cular frx)m a given object to a given line, we have only to 
walk along the base until the object at one end of the base, 
and that just referred to, are both seen coinciding, by direct 
vision and by reflection. 

THE PEISMATIC COMPASS. 

In the prismatic compass, a triangular glass prism is sub- 
stituted for one of the sights of the ordinary compass ; this 
prism has the advantage that it can be seen through, so 
that a sight can be obtained at the same time that it reflects 
the degrees on the floating card immediately under it ; that 
is, the sight and the reading are obtained at the moment of 
coincidence. 

In the figure, b is the compass box, and c the floating 
card, which, being attached to the magnetic needle, moves 
with it, round the agate centre, on which it is suspended. The 
circumference of the card is usually divided to a quarter or 
half degree ; unless, however, with a large-sized instrument, 
we seldom attempt to read nearer than half a degree, unless 
indeed in very clear and calm weather. 

p is the prism through which the surveyor observes. The 
perpendicular wire of the sight vane, v, and the divisions 
on the card, appear together on looking through the prism ; 
that particular division on the card, with which the wire 
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ooincideB, when the needle is at rest, is the ' bearing,' of 
whatever ol^ect the thread or wire may hiaect ; it is, in feet, 
the angle which the line of 
sight makes with the direc- 
tion of the needle. 

The fine vertical wire in 
the sight vane is hrought to 
hisect any object of which 
the bearing is required by 
turning the box round hori- 
zontally, u is a mirror made 
to slide on or ofl' the sight 
vane ; it can be made to face 
upwards or downwards, or in- 
clined at any angle by means 
of a joint, with which it is 
supplied for the purpose ; un- 
less moved intentionally, it 
remains stationary by the 
friction of the slides. 

The object of this mirror 
is to reflect any ohject which is at a much different level to 
the ground on which the observer may be standing. The 
coloured glasses g are made use of when the rays of the 
son interfere. 

The instrument is provided with a spring for checking the 
vibrations of the card; when otfflerving, if this spring is 
pressed by the finger and then released, it brings the card 
more readily to rest. A stop is also provided to throw the 
needle off its centre. The use of it requires particular atten- 
tion, as otherwise the sensitireness and accuracy of the 
instrument would soon be irretrievably injured. 

In making use of the instrument, you first raise the prism 
in its socket s, until you obtain a clear vision of the divisions 
on the card. Then standing over the station where yonr 
angles are to be taken, you hold the instrument to the eye 
and look through a slit, turning round until the sight vane 
wire V intersects the first object of which you wish to obtain 
the bearing. You then touch the spring, which gradually 
brings the needle to rest, and the reading of the division 
on the card, which coincides with the sight vane wire, will 
be the magnetic bearing of the object you have been look- 
ing at. 

If you repeat this operation with any other object the 
difference between the bearing of this object and the bearing 
of the former one, will be the angular distance between the 
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two objects. Thus, if one reads 50 and the other 10, both 
east or west, from north to south, the an^le will be 40"^. 

The figures on the compass card are reversed and written 
upside down, or should be so, because they are reversed by 
the prism. 

This instrument is very convenient for rapid survey, that 
is, where great accuracy is not required, but only in calm 
weather ; the reading of the card when there is much wind 
is almost impracticable. A flat stand, on which to rest the 
prismatic compass when taking bearings, is a great advan- 
tage ; by means of this stand, in moderately fine weather, a 
good deal of execution may be done with this little instru- 
ment, after one has become used to manage the vibrations 
of the compass card. The offset staff may easily be made 
to answer this purpose. 

In some instruments the card is numbered round by east 
to south 180**, and from south round by west to north 180° ; 
this rather simplifies the readings, for we know that if we 
have a reading, say 36** north-east, then it will be 35** south- 
west. With such instruments it is understood that all 
readings going east read fi'om north to south, and that all 
readings west, go from south to north. 
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At the same time, we must say that we do not recommend 
the use of instruments differing much from those generally 
employed in the profession. Engineering surveyors have to 
work so much together and have so often to connect their 
sxurveys by observation, that the use of instruments differing 
in their manner of being used leads to confusion. 

We give an example of compass surveying at fig. 22, and 
of the manner it is generally plotted with a paper pro- 
tractor : — 



Let the first reading 


1 


and 2 


be 


40° 30' North East. 


u 


second 


)* 


2 


and 3 


be 


31 Northwest 


Ji 


third 


t> 


3 


and 4 


be 


67 30 North East. 


Ji 


fourt.h 


it 


4 


and 5 


be 


60 30 Northwest. 


5» 


fifth 


n 


5 


and 6 


be 


7 Northwest. 


51 


sixth 


ti 


6 


and 7 


be 


6 30 North East. 


)) 


seventh 


it 


7 


and 8 


be 


38 30 North East. 


»• 


eighth 


n 


8 


and 9 


be 


72 North >:ast. 


11 


ninth 


ff 


9 


and 10 


be 


62 30 North East. 



To Plot the above Bearings. — On the sheet of paper on 
which you are going to plot draw a long straight vertical 
to represent the magnetic north and south poin^ ; at right 
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angles to this draw another long straight line to represent 
the west and east points. 

It is evident that we may draw or describe any number of 
parallels to the above two lines, and that these parallels will 
bear, the one north and south, and the other west and east. 

Let the first intersection we have referred to be considered 
the starting-point on our survey 2 that which we have 
generally called a. 

Take the card-board protractor to which we have referred ; 
lay it on the paper, and make the centre of it coincide 
exactly with the point of intersection (a), and so that zero 
and 360 shall coincide with the north point, and zero and 
180 with the south ; and let 90 be made to coincide with the 
east, and 270 with the west ; which will be the case if the 
lines are at right angles with each other. 

Lay some heavy weight on the protractor, that it may not 
be disturbed. Now with a needle-point prick through on 
the paper the three following points : — 

1 and 2 40® 30' North East. 

2 and 3 310 North West. 

3 and 4 57 30 North East. 

Without disturbing the protractor, prick off the 'same 
angles, but at the south end. Thus : — 

1 and 2 40«» 30' South West. 

2 and 3 31 South East. 

3 and 4 67 30 South West 

Remove the protractor, and draw straight lines through 

1 and 2, 2 and 3, and through 3 and 4 ; if the work has been 
correctly done all these lines will pass exactly through the 
centre. 

On the first line, 1 and 2, starting from A, plot off to scale 
the length of your first chain line; set your parallels on 

2 and 3, and run them up to the termination of the first 
line ; draw a straight line along your parallel through this 
point, which will protract the bearing of 2 and 3 ; set off the 
length of this second chain line with the scale on the bearing 
last found. 

Now set your parallels to 3 and 4, and run them up to the 
end of the line last plotted ; draw in a line along the parallels 
through this last point which gives the bearing of your third, 
on which you have now only to lay off the distance with your 
scale. 

This carries us beyond a convenient range of our first 
magnetic. Now through the point last found draw a parallel 
to our first vertical line, and through the same point a line at 
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right angles to it, exactly as we did in the first ease, and lay 
down the protractor in the same manner ; that is, zero and 
860 to the north point, and zero and 180 to the south ; 90 to 
the east, and 90 and 270 to the west. 
Prick off: — 

4 and 5 60® SC North West. 

5 and 6 7 North West. 

6 and 7 5 30 North East, 

Taking, again, every care that the protractor remains un- 
disturbed; prick off the same angles, but at the south end. 
Thus:— 

4 and 5 60® 30' South East, 

5 and 6 7 South East. 

6 and 7 5 30 South West. 

Take up the protractor and draw in the straight lines 
4 and 5, 5 and 6, 6 and 7, which should all pass through the 
centre — ^that is, the termination of line No. 3 ; fn>m this 
point on line 4 and 5 prick off with the scale the length of 
line 4 and 6 from the field notes ; proceed with the other 
lines exactly in the same manner. 

Fig. 22 is plotted from field notes over nearly seven miles, 
so that it will be seen that the plot is only in miniature. 

Our card-board protractor is one foot in diameter, and is 
divided to ten minutes, and the figures range, as shown in 
fig. 23. It will be perceived that this is a most convenient 
form for platting such surveys, and that the size and gradua- 
tions of the protractor enable us to obtain all the accuracy 
which is generally required from mere compass surveys, 
which is a very rapid way of getting over the ground, where 
there are not many important details to fill in ; such as many, 
we do not say all, of the surveys we have to prepare in 
foreign lands. 

When the system is applied with care, it is often very 
useful for home surveys, when dispatch is the primary 
consideration. 

THE CIECUMFEEENTEE. 

This very useful instrument, particularly for all purposes 
of compass surveying, may be considered to hold a rank 
between the theodolite and the prismatic compass. 

We do not consider it quite so accurate as the theodolite, 
but it is undoubtedly a most convenient instrument, and 
useful surveys may be produced with it. 

The compass does not point with sufficient precision to the 
division indicated ; the point of the needle has considerable 
thickness, and does not come in contact with the circle. 
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It does not point to the same point in the horizontal 
circle, even during the same day, the direction changing to 
the extent of nearly a quarter of a degree between sunrise 
and noon. The great defect, however, of all compass instru- 
ments is their liability to local attraction, and the more 
sensitive the magnet the more liable it is to this attraction. 
The diurnal variation in our hemisphere is from ten to 
fifteen minutes west, from 8 in the morning till 2 in the 
afternoon, when it gradually returns to its position. In the 
Southern Hemisphere the variation is so many minutes east. 

This variation will give a diflference of 23 feet at the end 
of a mile, not in length but in position ; the time at which 
important bearings are taken should therefore be noted. 

In compass instruments, short shear steel needles, about 
4 or 6 inches, not more, in the form of a rhomboid, and 
cleared out in the middle, are the best ; and in good instru- 
ments it may be noted that the needle vibrates a long time 
before coming to rest. 

It is important to observe that in this instrument, as in 
the prismatic compass, the needle should be raised off its 
pivot when not in use ; there is a special provision for this 
with every instrument, but it is not made use of so often as 
it should. 

The circumferenter is provided with a pair of sights ; these 
consist of upright bars of brass, with openings in them of 
various forms, and * pin-holes,' so that considerable accuracy 
may be obtained as regards the clear vision, and at the same 
time over a great range of level. 

The pivot and needle are sunk in a circular box, the 
circumference of which is divided into degrees and half 
degrees. The pair of sights with which angles are taken 
usually carry verniers to read off minutes on the graduated 
circumference. The instrument is provided with the neces- 
sary levels to enable the observer to set it up level when he 
is about to take an observation. 

To take a bearing, set up the instrument over your station 
by means of the plummet hanging from the centre, and level 
it, which you wUl easily do by bringing the bubbles of the 
spirit levels to the centre of their runs. 

Turn the sight in the direction of the object of which you 
require to take a bearing, and look through one of the small 
apertures ; move the sights until you see through the little 
aperture that the wire at the other end of the sight coincides 
with the distant object. During this time the needle will 
probably have come to rest, and the division in the circum- 
ference pointed to by the line of sight is the bearing, north 
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or soath, according as the former or the latter is farthest 
fix>in you on the circle. 

Without disturbing the instrument, you may now read off 
also the angle of bearing at the other side. 

In many instruments two cardinal points of the compass 
are reversed ; that is, east is on the left hand and west on the 
right, which is inverting the usual order of things. The 
following lucid explanation of this is given by an eminent 
American writer : 

* We can now understand why w is on the right hand of 
the compass box and e on the left. Let the direction from 
the centre of the compass to the point b in fig. 25 be re- 
quired, and suppose the sights in the first place to be 
pointing in the direction of the needle sn, ana the north 
sight to be ahead. 

* When the sights and the circle to which they are fastened 
have been tum^ so as to point in the direction of b, the 
point of the circle mai'ked e will have come round to the 
north end of the needle (since the iieedle remahis immovable)^ 
and the reading will therefore be east, as it should be. The 
effect on the reading is the same as if the needle had moved 
to the left, the same quantity which the sights have moved 
to the right, and the left side is therefore properly marked 
east, and vice versa. So, too, if the bearing of the line to o 
be desired, half-way between north and east, i.e. n. 45° e., 
when the sights and the circles have turned 45° to the right, 
the needle really standing still, has apparently arrived at the 
point half-way between n. and e., i.e. n. 45° e.' 

THE BOX sextant. 

This is one of the most useful instruments the surveyor 
can possess, and we never think of going into the field with- 
out having this little instrument about us. 

After many years' experience, we venture to say that 
there are very few difficulties which can occur in practice 
which may not be got over by the use of the sextant. We 
refer, however, more particularly to that made after the 
* Ordnance ' pattern, and which certainly, as we shall be 
able to prove in the following pages, is very superior to the 
box sextant ordinarily sold. Many makers have of late years 
left off making the box sextant after this particular pattern ; 
and this we believe has been occasioned by only a few 
surveyors knowing how to take advantage of its superior 
constaruction when it was first introduced. 

The principles of its construction are as follow, always 

p 
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remembering, however, that the boi itself is not here 
described : 

Let o B (fig. 26) represent a sextant, having an index Q 
moveable aboat o as a centre. This index denotes the angle 
which the index has travelled over on the arc b c, when the 
angular distance between two objects has been measured. 
H s is the half-silvered horizon gla^s, fixed parallel to o o. 

Any ray of light l o, impinging a^inst the mirror o, is re- 
flected off at on equal angle to the horizon glass at n, whence 
it is reflected to n, when the eye likewise receives through 
the transparent part of that glass a direct ray from the 
horizon. It is to be distinctly understood in this description 
that one half of the horizon glass is silvered and the other 
half unsilvered, so that one object is seen through it by 
direct vision and the other object by reflection in the silvered 
half. 

The reflected angle boo eqoal to the incident angle 
L o I ; the reflected angle hue equal to the incident angle 
B H o ; the angle k o e equal to h e o, because e 8 is parallel 
to o ; and the angle ion equal to twice the angle of in- 
clination of the two nmrors — that is u o O. 

Hence the arc on the limb b o, although only 60°, is 
divided as if it were 120°. 

The above is the principle of construction of the box 
it, which ia represented in the annexed figure. 




I is the index, to which motion is given by the hand, but 
much better by a rack and pinion motion, concealed within 
the box and turned by the milled head, b. A far better 
motion is given by a tangent screw in the Ordnance pattern 
box sextant. 

The glasses shown at g and h are within the box, by 
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which they are protected from injury, and their adjustments, 
when once perfected, are protected from any disturbance, so 
much BO that they can only be deranged by intention. 

The horizon glass h, alone has a contrivance fi»r adjust- 
ment, both to set it perpendicular to the plane of the instru- 
ment and to correct the index error, which had better be 
kept correct, as it is not likely to get out of order. The key 
at K fits at both places to accomplish this. We advise the 
inexperienced not to meddle with it ; no a<ljusting is re- 
quired when the instrument is turned out of a resi>ectublo 
maker's hands. If it should be found to require adjustment, 
it should be returned to him. 

We may at once observe that the telescope, t, is useless, 
and may be cast aside by loosening the milled head which 
holds the shoulder-piece. There is a little slide, shown in the 
figure just above a, the box, which is to be pushed over the 
opening made for the telescope ; in this slide is a pin-hole, 
by means of which a plain sight may be taken. 

There are two dark glasses within the box to protect the 
eye, when observing, from the direct or reflected rays of the 
sun. 

When the instrument is not in use it is kept, reversed, in 
the box A, which protects it from all violence. It may be 
thus carried about in the pocket anywhere ; it would be 
better carried in a sling case, if the makers would only 
make this appendage to open more conveniently, one great 
advantage of the box sextant being the readiness with which 
it may be used. It is, beyond all others, a handy instru- 
ment and a most accurate one, if properly made and properly 
used. 

When about to be used, the box sextant proper is un- 
screwed from its box a, reversed and screwed in again, when 
the box constitutes a handle to hold it ; before doing this, 
however, the dark glasses require to be pushed back through 
a slide in the under part of the instrument, to remain out 
of the way in the box ; this is, of course, when they are 
not required to look at any object, the sight of which may 
be obstructed by the rays of the sun. 

To measure an angle subtended by any two objects on a 
horizontal plane, the instrument is held by the box in the 
left hand. The eye is then applied to the pin-hole above 
referred to, when it will see one of the objects before it 
through the unsilvered portion of the horizon glass ; this 
obtained, the index is tmned by means of the milled head, b ; 
after a few turns, sight will be obtained of the other object 
in some part of tiie silvered part of the horizon glass ; it is 

F 2 
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received reflected there from the index glass, which has been 
made to rotate on its axis towards this second object; by 
continuing the motion of the milled head the two objects are 
made exactly to coincide, one over the other, in one vertical 
line, if the objects are in one horizontal plane. 

For instance, let us suppose that one of our objects is a 
surveying pole, with a red and white flag over it, and that 
the other on the right hand is the comer of a house ; when 
the angle has been accurately measured by the index, the 
comer of the house will be seen exactly over the pole, the 
flag of which will be then obscured. We have now only to 
read off the angle by means of the vemiery which we vnll 
presently explain. 

We have now to explain how we may ascertain if one of 
the most important adjustments is correct in the construction 
of the instrament. 

Bring the broad arrow of the index, by means of the 
milled head, b, to coincide exactly with zero on the limb ; 
this you can do to the greatest perfection by looking through 
the magnifier, m ; take care this is thoroughly well done. 
Now look through the pin-hole at the angle of some building 
or some tall straight flag-pole — if half a mile off, all the 
better — and see if this angle of a building or the pole forms 
exactly one line in the silvered and unsilvered portions of 
the horizon glass ; if it is so, the adjustment is good ; if 
otherwise, the insirument requires correction. 

Supposing that the coincidence is not perfect, move the 
index by the milled head, and then read off on the limb how 
much the broad arrow has deviated from the zero. By means 
of the key, k, this error should be corrected by applying it 
to the key-hole and turning it until the coincidence is per- 
fect, when the broad arrow of the index coincides exactly 
with the zero on the limb. 

From what we have now observed, it will be seen that any 
one purchasing a box sextant may test the instrument by 
observing from the shop door of the maker to any distant 
comer of a building. It is, however, very rarely that a 
respectable maker turns out an instrument out of adjust- 
ment. 

A more perfect method of testing the accuracy of adjustment 
in the sextant, though seldom applied to the box instrument 
now described, is the following : by observing on the disc of 
the sun. 

For this purpose the dark glass is brought before the eye 
end of the pin-hole. The observer then looks directly at the 
sun, and moves the index a little backwards and forwards of 
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zero; the 8un*8 r*ilccfe*J imago will ho stH»n to j.ass tlinstly 
over the disc, as seen directly through tlu» umtilr' ri./ iMtrtimi 
of the horizon glass; if in this pa>«sa^^^ tlio njUttfil com- 
pletely covers the direct image, the }ii>rizon glass is jHTHfiuli- 
cular to the plane of the instruinont, ami iuhhIs iio rtirri'i-tion ; 
if otherwise, we must apply the kt»y, k, to tin* koy-hi»lo in tlio 
top of the box, until this adjustmiMit is ])orioot. 

We may then try the other adjustment, hy hrin^rin;; tlii» 
reflected image of the sun's lower limb in t^xart C(»ntart with 
that of the upper limb, as seen tlin»ugh the unsilvonnl |»«ir- 
tion of the horizon glass: take the reading of tlu* vernier; 
now move the broad arrow of the vernier t>avk\ lH«y4»nd tlu» 
zero of the limb, until the rofleetod image of the upper limb 
is in exact contact with the lower limb, as st>en thntULrh tin' 
unsilvered ]K)rtion of the horizon glass. Take otf the reatling 
on the small portion of the limb beyond zt»ro, rtillxf tlu» are of 
excess; if this equals the former rt^ading, this also is in ail- 
justment. If otherwise, half the ditlerenee of tlu» readings 
constitutes the index errors which will be constant for all 
angles taken, if not corrected ; plutf^ if the iirst reading bo 
in excess, and minus if the seeond reading is the gi-eatest. 

The correction for this a<ljustment is made by applying the 
key, K, to the key-hole at the side of the box, and turning it. 
until each of the above readings is equal to half the sum of 
the two readings first taken. 

When this 1ms been perfected, the broad an\nv of the ver- 
nier should be made to coincide with the zero on the limb ; it 
should then be seen whether the direct and ivHeeted images 
of the sun form one perfect orb; if tlu^v do not, the above 
adjustments should be further examined, as whilst we aro 
doing this work, it may as well be made jH^rfect onet* for all. 

We do not, however, advise this trial b(*ing madt*, bt^fon^ 
the observer has made himself pretty well niasti»r of the 
principle of his instrument, and Ix^conie aeeustonuvl tt) 
handle it with ease. Before attempting it, he should have 
made himself familiar with all the details of its const rueiion, 
and with the reading of the index on the limb to a consider- 
able degree of accuracy. This he will best accomplish by 
standing at an open window, and leisurely taking nunien)ns 
observations on any surrounding objects ; having taken tlu^so 
angles and noted t^em down, he should re^K'at them, and see 
how tie second series agrees with the iirst. 

We have used the box sextant for some twenty-fivt* yt^ars 
on every description of land and niarint* survey, and wt> feel 
confident in recommending it to the use i>f the yt>ung sur- 
veyor, and in advising him to make himself i>nwt.ieally and 
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thoroughly acquainted with it. We have already described 
one way of using it, and we may now add that the farther 
the objects to be observed are from the surveyor, the more * 
accurate will be the observations. Where one is very near, 
and the other very distant, better results are obtained by 
seeing the near one, directly, that is through the unsilvered 
part of the horizon glass, and the other, or more distant 
object, by reflection. This, however, only relates to where 
great accuracy is required, for otherwise the difference is 
quite immaterial. 

Again, for very accurate observations, the two objects ob- 
served should be quite or very nearly on the same horizontal 
plane ; we do not always find this to be the case in practice ; 
one object is often very much above the other : when this is 
the case, there will be a corresponding error in the observa- 
tion, because instead of holding the instrument level, we are 
obliged to hold it in a plane slanting to the horizon. The 
error, however, will not be so great as to cause any uneasi- 
ness, unless there be really a great difference of level for 
short distances ; when this is the case, it is best to set up a 
pole at a more convenient level, and exactly in line with one 
of the objects. 

In the box sextant made after the Ordnance pattern, which, 
as already observed, is very superior to the ordinary instru- 
ment, motion is given to the index by a tangent screw. 

But besides this, the divided limb is numbered both to the 
right and left, commencing at zero to 120°, and backward 
from 120° to 180°, and beyond to 230°; the latter row of 
figures is farthest from the divisions, and belongs to the sup- 
plementary angles ; their zero division of the vernier is at 
the end, contrary to that of the angles reading from zero to 
120°. 

Beneath the index glass is fixed a similar one, in such a 
manner as always to reflect the image of an object to the 
eye, when applied to a hole in the side of the box near the 
division 120°,at the constant angle of 90°; whence the observer 
must direct his sight towards the right hand, and at right 
angles to the real place of the object. 

When the index is set to 180°, its glass wiU also reflect an 
opposite image to the eye at right angles to the left hand 
(the two glasses being then exactly across each other) : con- 
sequently, an eye looking through the hole near the division 
120°, will perceive objects 180° apart, to coincide at right 
angles to a line connecting them. Thus a point can be 
found in line between two stations. The observer, with the 
instrument set as above described, having placed himself as 
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nearly in line as he can approximate, must apply liis eye to the 
hole near 120°, and loolang at right angles to his chain line, 
step backwards and forwards, until he finds the two distant 
objects on his chain line to coincide ; he will then stand on a 
point in line between the two distant objects. To verify this 
he should then turn himself half round, and looking in the 
opposite direction, see if the objects still coincide, which they 
wSl do if they are not much out of level with each other. If 
he finds he has to move to make them so, then he should 
mark the difference, and this halved will give him the true 
point required. 

The adjustment of this part, as well as the method of 
observing supplemental angles with it, is performed in the 
following manner: Choose two objecte in the horizon, the 
farther apart the better, but not nearer than 140° ; turn your 
face at right angles to the right hand object, so as to get 
sight of its image in the fixed glass ; then, by moving the 
index, bring the image of the other object, seen by reflection 
in the index glass, to coincide exactly with it on the linn^ of 
separation of the two glasses. Read off the angle, turn half 
round, and take in like manner the angle which the same 
objecte make the other way. 

It is evident that the sum of the two angles should be 
equal to 360°, and also, that if they exceed that quantity, 
half the excess must be subtracted, and if they fall short of 
it, half the difference must be added, to obtain the true 
angle. 

The error, if any, may be corrected by applying the key 
above referred to, at the key-hole underneath the box. 

The instrument above described has also been made with 
the addition of two spirit levels, fixed at the back of the 
horizon glass, at right angles to each other, so that standing 
before the object, you look perpendicularly down the plain 
sight, and moving the index, bring the image of the objecte 
to appear with the small bubbles of the levels, when in the 
centre of their runs. The reading of the instrument will 
then show the supplement of the zenith distance, and its 
complement to 90° wiU be the angle required ; elevation if 
more than 90°, and depression if less. This obviates the 
necessity for an artificial horizon, and merely requires a little 
practice with the iastrument. 
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YEBNIEBS. 

The vernier is a contrivance for estimating subdivisions of 
the graduations on the limh of any instrument. It is applied 
to sextants, theodolites, and some circumferenters. 

It is a scale whose length is equal to a certain number of 
parts of that to be subdivided, and depends on the degree of 
minuteness to which the subdivision of the graduations of the 
limb is to be carried. However this may be, it is divided 
into parts, which in number are one more or less than those 
of the limb taken for the length of the vernier. 

If it be required to measure to hundredths of an inch the 
parts of a scale which is graduated to tenths, it may be done 
by means of a scale whose length is nine-tenths of an inch, 
and divided into ten equal parts ; or by one whose length 
is eleven-tenths of an inch, and also divided into ten equal 
parts. In either case the difference between the divisions 
of the scale and those on the primary scale is the hundredth 
of an inch. 

Such a scale made to move along the edge of that to be 
subdivided, is termed a vernier. We must now explain 
how, by this means, the subdivisions of graduated limbs are 
estimated. 

For this purpose we may take the method of estimating 
the subdivisions of the sextant as one which will explain the 
method of reading off any other instrument. 

In figs. 27, 28, 29, and 30, some of the divisional lines on 
the limb of the instrument are longer than others, and are 
numbered at every fifth. The spaces between these lines are 
to be read as representing degrees of the circle ; they are 
subdivided by smaller lines, and the smaller space represents 
minutes. 

If the degrees are divided into four by three of the shorter 
lines, each of the subdivisions will represent the fourth of a 
degree, or 1 5 minutes ; if there be six parts, there will be 
five of the short lines, each of which will denote 10 minutes, 
reckoned from the commencement of the subdivisions. 

Similarly, some of the divisions on the vernier are marked 
by longer lines than others ; these indicate single minutes, as 
on the limb the longer divisions indicate single degrees. The 
divisions are numbered from right to left ; the extreme right 
one is zero, and is denoted by a zero, a broad arrow, or a 
diamond ; the shorter divisions on the vernier show seconds, 
as the shorter divisions on the limb showed minutes. 

If the spaces between each minute are divided into four, 
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each of the dividing lines will denote lo seeonds, and if into 
six equal parts, the long line will murk 10 seconds. 

The number of subdi^nsions between the minutes of the 
Temier is usually the same as Ix^tween the dejri'***»8 on the 
limb, so that if the limb is divideil into 15 minutes, th(*n 
the divisions of the vernier are subtlividiHl into 15 sei-onils; 
and if the limb is subdivided to 10 minutes, then usually the 
vernier is subdivided to 10 seconds. 

Let the limb of an instrument, say a sextant, 1h^ divided to 
10 seconds, that is to say that each det^n^e is divided into six 
equal parts, and let the divisions of the vernier be dividi'd 
into the same number, then each of the latter subilivisions 
denotes 10 seconds. 

If the zero division on the vernier coincide with the line 
marked 20, then the reading is 20° ; an<l if with the tirat or 
second long division, then the reading will he 21^ or 22"*. 

If it coincides with one of the shorter divisions between 
the 20 and 21 degrees, the reading will be 20"* and some 10', 
20^, 30', &c. : then if it coincides with the se<»ond nhnrt line 
beyond the 20 minutes, the readintr will be 20° and 20' ; and 
if with the third, it will be 20° anil {W. 

It very often happens, however, that the zero of the index 
does not coincide with any of the divisions of the limb, but 
that it lies somewhere between two of them. In this ease wo 
must observe how many degrees and minutes are deuottnl by 
the divisions and subdivisions of the limb which the index of 
the vernier has passed, and then loc»k for a line somewhere on 
the vernier that does coincide with one on the limb. Now 
observe that the number of minutes and seconds from that 
line to tlie zero of the imlex^ added to the number read off 
upon the limb, gives the angle required. 

Thus, supposing the index to stund between 20 and 80 
beyond 20 degrees, and the line on the vernier denoting 6 
minutes and 10 seconds, to coincide with any one on the 
limb, then tliis last quantity, added to 20° 21', gives 20 degrees 
26 minutes and 10 seconds, which is the angle measured. 

In the limbs of small theodolites tlie degrees are usually 
subdivided into two equal parts, denoting 80 minutes ; and 
the divisions on the vernier are single minutes ; a smaller sub- 
division must be estimated by the eye, which can bo done to 
30 seconds. 

In our figures, above referred to, lb represents a portion of 
the graduated limb of an instrument, and vs a portion of 
the vernier scale, the zero point being at v. 

In fig. 27 the limb is divided to 15 minutes, and tliese 
divisions are subdivided by the vernier to 15 seconds. The 
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reading is 26** 46' 30'', because the zero of the index has in 
the first place passed 25 degrees and the third division of a 
degree, which denotes 45 minutes ; and the division of the 
vernier which coincides with a division on the limb^ denotes 
a minute and a half, which, added to 25° 45', gives the above 
angle. 

In fig. 28 the reading is 20° 2V 20'', because the zero of 
the vernier has passed 20 minutes beyond 20 degrees ; and 
the division on the vernier which coincides with a division 
on the limb, indicates 1 minute and 20 seconds, which, added 
to 20° 20', gives the above angle. 

It vnll be seen that in every case the quantity indicated by 
the vernier is read backwards, from a division coinciding 
with one on the limb to the zero on the vernier. 

In fig. 29 the reading is 21° 23' 30", because the zero of 
the index has passed 21 degrees and 20 minutes, and the 
division on the vernier which coincides with one on the limb, 
denotes 3 minutes and 30 seconds, which, added to 21° 20', 
gives the angle above mentioned. 

In fig. 30 the reading is 22° 2' 10'', because the zero of 
the vernier has passed 22 degrees, and the division of the 
vernier coinciding with a division on the limb, indicates 2 
minutes and 10 seconds, which, added to 22°, gives the above 
angle. 

In reading off the limb of a theodolite or sextant, very 
much depends on practice, and also on the way in which the 
observer handles the magnifier, by means of which the ver- 
nier is read ; the rim of one's hat, for instance, is often, very 
much in the way, and it is often necessary to hold the hand so 
as to shade the readings from the glare of a bright sun on the 
white silver metal. 

THEODOLITES. 

The ordinary or Cradle Theodolite. — The theodolite is the 
engineering surveyor's chief instrument of observation for 
land or coast surveys, and for setting out work. It is prin- 
cipally used where the operations are on a large scale, as it 
is somewhat cumbersome to carry about, for which reason 
many of us prefer the box sextant, when we can possibly 
dispense with the theodolite. 

These instruments are made of various sizes, the diameter 
of the limb indicating its size generally ; thus we have 4, 5, 
6, 7 and 8 inch theodolites ; for geodetic operations they are 
very much larger ; to the engineering surveyor we would re- 
commend the 6-inch instrument ; it is certainly heavy, but we 
may do anything with it, either in surveying or setting out. 
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The annexed figure represents a cradle theodolite, accord- 
ing to the make of Elliott Brothers, or Troughton and 
Simms. It consists in the first place of two circular plates, 
L and V ; the first is called the limb, and the second, turning 
freely npon it, is the vernier plate. 

Both have a horizontal motion by means of the axis shown 
nndemeath. This axis consists of two parts, external and 
internal ; the former is secured to the graduated limb, l, and 




the latter to the vernier plate, v. Their form is conical, 
nicely ground and fitted to each other, and in well-made 
instruments they have a soft, steady motion. The external 
centre also fits into a ball, concealed in the figure by the 
parallel plates, and the parts are held together by a screw, 
partly visible in the cut, under the horizontal limb. 

The diameter of the lower plate is greater than that of the 
upper one, and ita edge is chamfered ofi' and covered with 
silver, to receive the graduations. 

On opposite parts of the edge of the upper plate, or 180° 
apart, a short spa«e, v, is also chamfered, forming, with the 
edge of the lower plate, a continued inclined plane ; these 
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spaces also are silvered, and form the vernier, which we 
have described above. 

The lower limb is usually graduated to thirty minutes of a 
degree ; this however depends on the size of the instrument. 
It is subdivided by the vernier to single minutes. The six- 
inch may usually be read to twenty seconds. 

The parallel plates, p, are held together by a ball and socket 
shown between them, and are set firm and parallel to each 
other by four milled headed screws, three of which are shown 
in the figure. 

These turn in sockets fixed to the lower plate ; they are 
set in pairs opposite each other ; they act in contrary direc- 
tions. The instrument by these means is set up level for 
observaton. Beneath the parallel plates is a female screw 
adapted to the staff head, which is connected by brass joints 
to three mahogany legs. We should hardly have mentioned 
these, but for the fact, that it is with regard to these that 
the instrument often gets out of order. Many persons lean so 
heavily on them when setting up the instrument, that the 
screws get loosened and the instrument becomes shaky. 
These screws should be looked to occasionally, and, if 
necessary, they should be tightened. The legs are so 
constructed that, when shut up, they form one round staff, 
secured in that form, for carriage, by brass rings slipped over 
them. 

When opened out they make a very firm stand, however 
uneven may be the ground. We may also observe, with regard 
to the material of which the legs are made, that we prefer 
deal painted black, this beingof a larger size than that usually 
made, and considerably longer. 

The lower horizontal limb, l, may be fixed in any position 
by tightening the clamping screw, which we have already 
referred to, which causes the collar to embrace the axis and 
prevent its moving. It is, however, requisite that it should 
be fixed in some precise position, more exactly than can be 
done by the hand alone ; the whole instrument, when thus 
clamped, can be moved any small quantity by means of the 
slow motion screw, s, which is attached to the upper parallel 
plate, p. 

In like manner, the upper or vernier plate, v, can be fixed 
to the lower in any position by a clamp, c. This also is fur- 
nished with a slow motion, the screw of which, t, is usually 
called the tangent screw. 

The motion of this limb, and of the vertical arc, hereafter 
to be described, is sometimes effected by a rack and pinion, 
which is greatly inferior for so delicate an operation ; this 



THE CRADLE THEODOLITE. 77 

we only mention by the way, because many of these instru- 
ments are still to be met with. 

Upon the plane of the vernier plate, v, two spirit levels, 1 1, 
are attached ; they are placed at right angles to each other, 
with their proper adjusting screws. Their use is to deter- 
mine when the horizontal limb is set level, as the bubbles 
should then be in the centre of their runs. A compass is 
also supplied in the centre of the instrument. 

The frames, t, support the pivots of the horizontal axis of 
the vertical arc, or semicircle m, on which the telescope is 
placed. 

The arm which bears the microscope for reading the 
angles of elevation or depression which are denoted by the 
vernier u, on the vertical limb or arc, has a motion of several 
degrees between the bars of the frame, and can be moved 
before the face of the vernier for reading it off. 

Another arm clamps the opposite end of the horizontal 
axis, by turning a screw, and has a slow motion tangent 
screw at o, by which the vertical arc and telescope are moved 
any very small quantities up or down, to perfect the contact, 
when an observation is made. 

One side of the vertical arc is inlaid with silver, and 
divided into single minutes by means of its vernier. The 
other side shows the difference between the hypothenum and 
base of a right angled triangle ; this gives the number of 
looks to be deducted from each chain's length, in measuring 
up or down any inclined plane, to reduce it to the horizontal 
measure. Such, at least, is the description and motive of the 
makers on this point, but we never knew of a surveyor 
having recourse to the process. 

The long level which is shown under and parallel to the 
telescope, is attached to it at one end by a joint, and at the 
other by a capstan headed screw, which being raised or 
lowered will set the level parallel to the optical axis of the 
telescope, or line of collimation ; there is a screw for adjust- 
ing it laterally to true parallelism in this respect. 

The telescope has two rings or collars, shown over it, 
ground truly cylindrical, on which it rests in its supports, 
called t's from their resemblance to that letter. It is confined 
in its place by clips, which may be opened by removing the 
pins which keep them closed, for the purpose of reversing 
the telescope, or allowing it a circular motion round its axis 
during the adjustment. This is a great recommendation in 
the cradle tjieodolite. 

In the focus of the eye-glass are placed three lines, formed 
of spider's web, one horizontal and two crossing it diagonally. 
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80 as to include a small angle between them ; a method 
which is better than having one perpendicular line, because 
an object at a distance, such as the foot of a ranging rod, 
can be made to bisect the said small angle, with more 
accuracy than it can be bisected by a vertical wire, which 
occupies space and obscures vision in the wrong place. 

The screws adjusting this little piece of mechanism are 
shown near the eye end of the telescope ; there are four of 
these placed in pairs, at right angles to each other ; so that 
by easing one, and tightening the opposite one of each 
pair, the intersection of the cross wires may be placed in 
adjustment. The object glass of the telescope is thrust 
out by turning the milled head on the side of the telescope, 
that being the means of adjusting it to show an object 
distinctly. 

A brass plummet and line are packed in the box with the 
theodolite, to suspend from a hook under the centre of the 
instrument. It is by this means that the vertical axis is 
placed exactly over the station from whence any observation 
is to be taken. This plummet we always cast aside ; it is not 
one quarter heavy enough for the purpose for which it is in- 
tended, the slightest breath of wind setting it oscillating at 
the time it is wanted to plumb over the station ; it is besides 
in a dangerous position in the box ; we prefer a much larger 
plummet, which we carry in our pocket. 

There are besides, if required, two extra eye-pieces, for the 
telescope to be used, for any astronomical observations. The 
one inverts the object, and has a greater magnifying power, 
and more light ; it is this eye-piece which is now generally 
used, more particularly for surveying purposes. The other 
is a diagonal eye-piece, which is a great convenience for 
observing any object having considerable altitude ; this, how- 
ever, is sometimes left out of the box. 

Inne of Collimation. — This is the first adjustment to be 
looked at ; the object of it is to make the intersection of the 
cross hairs of the diaphragm coincide with the axis of the 
cylindrical rings in which the telescope turns. This adjust- 
ment is known to be correct when, during an entire revolu- 
tion of the telescope in its rings, the intersection of the 
vdres, or cross hairs, continues fixed on the same point of 
some distant object. 

The first thing to be done is to draw out the eye end of 
the telescope until a sharp and distinct vision is obtained of 
the cross hairs ; this requires more care than may at first 
appear necessary ; it is because of the extreme fineness of 
the spider's web threads. When these have been brought out 
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Bliarp and clear, and the telescope brought t«> Ix'ar (»ii t}ie 

diatuit object, the object glass is thrust nutwanls by moans 

of the milled head on the side of the tolescoiKN until 4*Ii>ar 

yision is obtained of the object in the distaiio'; n«»w move 

the eye light and left before the eye cmkI, and soo if in di>ing 

so the cross hairs are steady or whether they appear to nitive 

as the e je does ; when this is the case it denot<'.s parallax, 

and it is very common in fine bri<xht weather; the ey(*-pieee 

mnst then be very slightly moved, and also the milled liead, 

nntdlall appears steady, at the same time that distinct vision 

is obtained of the distant object and also of tht; cross hairs 

of the diaphragm. 

We may now see about the actual line of collinnition. 
First, make the centre of the horizontal wiri» coincide with 
some well-defined and motionless point in a distant object ; 
then turn the telescope half round in its y's, till the level 
Ues above it, and observe if the same point be a^iin cut by the 
centre of the wire : if not, move the wire one-halt* the (plant ity 
of deviation, by turning two of the scn»ws at the eyt» end of 
the telescope, releasing one bt^fore ti^'htenin^^ the other, and 
correct the other half by elevating or depn»ssin*i the telescoj)e; 
now, if the coincidence of the wire an<l object n»ni!iin jH.»rfect 
in both positions of the telescope, the line (»f colliniation in 
altitude or depression is correct, but if not, tln» operations 
mnst be repeated carefully, until the adjustment is satisfac- 
tory. A similar proceeding will also put the vertical line 
correct, or, rather the point of intersection, when there are 
two oblique lines instead of a vertical one. 

The second adjustment is that which puts the level attached 
to the telescope parallel to the rectified line of colliniation. 
The clips, being open, and the vertical arc clamped, brin^ the 
air-bubble of the level to the centre of its glass tube, by turning 
the tangent-screw, o, which being done, rev(»rse the telescope 
in its t's ; that is, turn it end for end, which must be done 
carefully that it may not disturb the vertical arc, and if the 
bubble resume its former situation in the middle of the tube, 
all is right ; but if it retires to one end, bring it buck one- 
half, by the screw, which elevates or depresses that end of 
the level, and the other half by the tangent-screw, o ; this 
process must be repeated until the adjustment is perfect ; 
but to make it completely so, the level should be adjusted 
laterally, that it may remain in the middle of the tube when 
inclined a little on either side from its usual position imme- 
diately under the telescope ; this is effected by giving the 
level such an inclination, and, if necessary, turning the two 
lateral screws. K making the latter adjustment should 
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•derange the foiTner, the whole operation must be carefully 
repeated. 

The third adjustment is that which makes the azimuthal 
axis, or axis of the horizontal limb, truly vertical. 

Set the instrument as nearly level as can be done by the 
eye, fasten the centre of the lower horizontal limb by the 
staff-head clamp, leaving the upper limb at liberty, but move 
it till the telescope is over two of the parallel plate-screws, p; 
then bring the bubble of the level under the telescope to the 
middle of the tube, by the screw, now turn the upper limb 
half round, that is ISC, from its former position ; then, if 
the bubble return to the middle, the limb is horizontal in 
that direction, but, if otherwise, half the difference must be 
corrected by the parallel plate-screws over which the tele- 
scope lies, and half by elevating or depressing the telescope, 
by turning the tangent-screw, o, of the vertical arc ; having 
done which, it only remains to turn the upper limb forward 
or backward, 90**, that the telescope may lie over the other 
two parallel plate-screws, p, and by their motion set it hori- 
zontal. 

Having now levelled the limb-plates by means of the tele- 
scope level, which is the most sensible upon the instrument, 
the other air-bubbles fixed upon the vernier plate may be 
brought to the middle of their runs by merely giving motion 
to the screws which fasten them in their places. 

The vernier of the vertical arc may now be attended to ; 
it is correct, if it points to zero, when all the foregoing ad- 
justments are perfect ; and any deviation in it is easily recti- 
fied by releasing the screws by which it is held, and tighten- 
ing them again after having made the adjustment, or, what 
is perhaps better, note the quantity of deviation as an index 
error, and apply it, pliis or minuSj to each vertical angle 
observed. This, however, necessitates making a note of the 
error. 

This deviation is best determined by repeating the obser- 
vation of an altitude or depression, in the reversed positions, 
both of the telescope and tiie vernier plate : the two readings 
will have equal and opposite errors ; one half of their dif- 
ference being the index error. Such a method of observing 
angles is decidedly the best, since the mean of any equal 
number of observations taken with the telescope reversed in 
its y's must be free from the effects of any error that may 
exist in the adjustment of the vernier, or zero of altitude. 

The theodolite, as constructed in the manner we have 
described, is not inconveniently heavy, as the diameter of the 
horizontal limb seldom exceeds six inches ; but when the 
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diameter is increased, the other parts must be made propor- 
tionablj large and strong, and the instrument becomes 
weighty and cumbersome to carry from station to station. 
The object of increasing the dimensions is, to enable the 
instrument to furnish more accurate results, by applying a 
telescope of greater power, and by a more minute subdivision 
of the graduated arcs. With the increase of size, a small 
Tariation takes place in the construction, and in the manner 
of attaching the supports to the horizontal limb, to afiTord 
the means of adjusting the horizontal axis, and making the 
vertical arc move in a vertical plane. 

The transit theodolite is now the favourite instrument, 
though we do not consider that its adjustments are made under 
such favourable conditions as in the cradle theodolite, which 
we have just described ; the great length of the standards, we 
also fear, is rather against it. Its great advantage, however, 
lies in the principle of construction implied by its name of 
transit ; in setting out work, this is unquestionably a great 
recommendation, because, when the telescope requires to be 
turned end for end, it is merely necessary to make it revolve 
on its vertical axis, instead of having recourse to the trouble- 
some operation of opening the clips in the cradle instrument, 
by the removal of pins every time this has to be done. 

The illustration on p. 82 represents a transit theodolite of 
the usual construction. 

The methods of adjustment are so similar to what we have 
already observed, that it would be needless repetition to give 
them again. 

We may, however, make a few observations as to the line 
of collimation. Set up the instrument in the manner we 
have already described, and, by means of the parallel plates, 
bring the bubbles of the levels on the vernier plate to the 
proper centres of their tubes: do this carefully and as 
patiently as possible. 

Select some well-defined object in the distance, and by 
means of the eyepiece and milled head of the telescope, 
adjust for distinct and steady vision; the way in which 
tihis is done has already been described. Mark exactly where 
tihe crosshairs of the diaphragm intersect on the object 
referred to. 

Now, loosen the clamp of the horizontal limb, and turn the 
instrument bodily round. This will bring the telescope to 
bear at the eye end on the object of observation ; therefore, 
reverse it by turning it end for end. Clamp the horizontal 
limb, and perfect the bisection of the object by means of the 
tangent screw s ; now see that the bubbles of the levels are in 

G 



82 COLLIUATION OF TIIK TRA^'S1T THEODOLITE. 

the centres of their mne, which they should be, if the instru- 
ment has been tnmed properly out of band. If there is any 
error in the collimation line, it may be corrected by means 
of the screwa at d. Before doing this, however, release the 
vernier plate by loosening the clamp, c ; turn the instrument 
half roond, by the vernier plate, reverse the telescope aa 
before, bring the crosshairs to bear on the object, and per- 




fect the bisection by means of the tangent screw, t, after 
having clamped c. See to the bubbles, and examine if the 
distant object is well bisected, now that the instrument has 
baen made to turn round exactly 180° ; if not you may begin 
the necessary correction, 

Now loosen the clips at the top of the standards, which 
hold down the axis of the telescope, and turn it half over 
laterally, so that the long level attached to the telescope will 
be downwards, and see if the collimation continues correct. 
All this, however, should be examined before the instrument 
is used in practice, and, if found incorrect, it should be sent 
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back to tlie maker: this slioiiM ho piirtiiuliirly li"»k»'il to 
before going abruad ; othurwisi*, tin* \v:iiil »•!' U'ljusliiifiit 
may be discovered at a very awkward iiioiiu>iit. 

The object of the above examinations is to si'o t«> the 
levels of the vernier plate as wt^Il as to tlio lino of o>Iliniution. 
If tbe whole instrument is in adjustment, the a»ntro of tlio 
diaphragm will intersect the distant {N»int, at't<'r the UAo- 
scope has been turned over latenilly in its stanilanls^just the 
same as it did before : if otherwise, the e(>rreetit»n, hv means 
of the screws d, will depend on whether the eorreetinn is 
required laterall}" by the side seii'ws, 4»r vertieallv by means 
of the top and bottom screws. Of course it is lialf the ern>r 
which has to be corrected. 

The telescope is in the next place bron;,dit baek to its 
former or normal position; and apfain the correct i<»n is 
effected, if any is required. This is to be n^jH-ated until 
the intersection is correct, whilst the telescc»i>e is supported on 
the standards in both of the above positions. It is luuler- 
stood that, as regards the vertical intersection, the clamp of 
the vertical circle, or limb, m, is fast, and remains nntlistnrhed 
the whole time. With regard to the verniers of the vertical 
arc coinciding with zero and 180°, when the bubble of tht» 
level of the telescope is in the centre of its run, we should 
only have to repeat what we have said on the same subji'ct 
relative to the cradle theodolite. 



THE EVEEEST THEODOLITE. 

This instrument, differing in many particulars from either 
of those above described, was first made bv order of the late 
Colonel Sir George Everest, the talented superintiMident of 
the Indian Trigonometric. 1 Survey, by Troughton and 
Simms. A great number were sent out to India. 

When an instrument with a large limb is required, this 
theodolite possesses many advantages. The figure on the 
following page illustrates one made by Elliott Brothers. 

One recommendation is the broad base on which it stands, 
and the distance apart of the parallel plate screws, which 
afford the means of the most delicate horizontal adjust- 
ment. 

The horizontal limb consists of one plate only, and the 
index is formed by three radiating bars, v, one of which 
carries a clamp for fastening the index to the limb, and a 
slow-motion screw. The instrument has the power of re- 
peating, the horizontal limb being firmly fixed to a centre, 

G 2 



84 ADJUSTMENTS OF ETEKBST THEODOLITE. 

moTeable Trithin a tripod support, and governed by a clamp 
and tangent screw. 

The great advantage of the tripod stand is, that it can be 
very easily removed from the top of the staff, and placed 
upon a parapet, or waJl, where the staff cannot be used. 

The telescope is mounted in the manner of the transit, but 
the standard is of a much more solid description. 

The vertical angles are read off on two arcs of circles, mh, 
which have the horizontal axis as their centre, and being 
attached to the telescope, move with it in a vertical plane. 




An index, upon the same centre, carries two verniers, vv, 
and it has a spirit-level attached to it by which the index 
can be set in a horizontal position ; so that whatever the 
position the telescope, and consequently the graduated arcs, 
may have, when an observation is made, the mean of the 
two readings vrill denote the angle of inclination. 

"We may here observe that this will always be found the 
safest way of taking angles of depression, or elevation, with 
any theodolite whatever ; it eliminates all errors of adjust- 
ment, and we invariably adopt it. 

To set the instrument level, bring the bubble attached to 
the horizontal bar in a direction parallel to two of the foot- 
screws, and by their means send the bubble to the centre 
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of its nut ; torn half round, and if the bubble has got out 
of ita cenixe, correct half the deviation by means of the level 
itself, and the other half by means of the foot-Bcruwa. 

This being perfected turn the telescope one quarter ronud, 
when the level will be over the third foot-screw, which must 
be moved to set the level correct. The line of coilimation 
is adjusted by means of the collitnating screws, and giving 
motion in Azimuth. 

THE SEXTANT. 

The sextant is not usually a surveyor's instrument ; but 
for marine work — when the box sextant is used only with 




difficulty for very long lines, ou account of its want of a use- 
fid telescope — the sextant proper offers many advantages. 

The principle is exactly the same as that which has been 
given relative to the box sextant. 

The instrument is represented in the above figore. 

ll' is the graduated limb, and i, the index glass fixed to 
the bar carrying the vernier v, and magnifying glass it. 
The horizon glass is shown at h : cue half is silvered ; the 
other half is seen through by direct vision, from the point o; 
the angle actually measured is that formed by the two 
glasses, that is the index and horizon glasses. Xiet it be 
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noted that, in reading off on the arc of excess, either in the 
sextant or box sextant, the vernier must be read backwards. 
A clamp, 0, fastens the index to the limb, and t is the 
tangent screw to perfect the coincidence of the two objects 
observed. 

The ring which carries the telescope, o, is connected to 
the up and down piece, which enables it to be raised or 
lowered by means of a millhead ; the object of this is to 
cause the objects seen directly and by reflection to appear 
of equal brightness, and to prevent parallax. The adjust- 
ment for distinct vision through the telescope is merely to 
slide the eyepiece backwards or forwards, as required. 

There are several dark glasses, any of which may be used 
when the light is too intense for the eye, either as regards 
the index glass or the horizon glass. 

The parallelism of the index and horizon glass is examined 
by the same means as those described for the box sextant ; 
that is the disc of the sun. But for a more complete under- 
standing of the mere construction of the sextant, we refer the 
reader to Mr. Heather's Treatise on Mathematical Instru- 
ments in Weale's series. 
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ClIAnKR V. 

OFFICE INSTRl'MEXTS. 
THE CIBCULAR PKOTKACTOK — IIOWLLTT^S PROTRACTOR. 

Thb instraments used in the office for laying down on paper 
the angles measured in the field, either with the compass, 
box sextant, or theodolite, are called protractors. The chief 
of these is 

THE CIRCULAR PROTRACTOR, 

shown in the accompanying^ figure, after tlie pattern of 
Elliott Brothers, and Trougliton and Simms. 




It consists of an entire cii'cle, connected with its centre by 
the bars, h h. The centre of the metal is cut out, and a 
circular piece of glass fixed in its place ; on this are marked 
two lines intersecting each other at right angles, and divid- 
ing the small circle into four quadrants ; the intersection of 
the lines denotes the centre of the instrument. 

When in use for laying down an angle, the protractor 
must be so placed on the paper that its centre coincides 
exactly with the angular point, from which it is supposed an 
angle has been taken on the ground; in fact, the point 
represents a station. 

Bound the centre, and concentric with the circle, is fitted 
a coUar, carrying two arms, d d ; in our figure, one of these 
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is represented opened out, and the other closed in over the 
instrument; both of these arms, in the best instruments, 
have verniers at their extremities adapted to the divided 
circle. These are moveable by hand by means of an arm, 
connected with a clamp and slow-motion screw, t, by means 
of which any minute subdivision of the limb by the vernier 
is effected in the same manner as the tangent screw of the 
theodolite. 

The branches, d d, of the arms carry, each of them, a 
fine pricker. These points and the centre of the instrument 
must be exactly in a straight line, or the instrument is not 
in adjustment. The points are prevented from scratching 
the paper as the arms move round, by means of steel springs, 
which lift the points off the face of the paper. After setting 
the centre of iie protractor over the angular point, and fixing 
the verniers to their proper angle from the Field Book, a 
slight downward pressure must be given to the branches 
to cause the points to make a fine puncture on the paper ; a 
straight line drawn through these and the station or centre 
of the protractor will give the line to form the angle 
required. 

The glass centre-piece is placed as nearly even as possible 
with the under-surface of the instrument that no parallax 
may be occasioned by space between the lines on the glass- 
centre and the surface of the paper. 

By means of the vernier, the protractor is graduated to 
single minutes, which, taking into consideration the numerous 
sources of inaccuracy in this kind of work, is the smallest 
angular quantity we can pretend to lay down correctly. 

It will be barely necessary to observe that in the same 
manner as we can lay down one angle at a time with this 
instrument, so we may also lay down any other number. 

The instrument is steadied on the paper by means of the 
short points which are attached to the under-surface. 

howlett's proteaotor. 

Mr. Howlett, late chief draughtsman to the Ordnance, has 
made the following observations on the circular protractor 
above described : 

' The circular protractor is generally considered the most 
perfect kind of instrument for plotting the angles of a 
survey ; but against this instrument there are the following 
five objections : 

^ * It is only steadied by being attached to the paper by 
pins ; and in moving the arm it is liable to shift. 
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* Am tbe vernier has to be set whilst the protractor is 
fixed on the paper and cannot bo held to the lig^ht, it is next 
to impossible in some positions to see the divisionB ; or, if 
the protractor be taken from the i>aper, time is lost and 
error is caused by having to replace it on the working 
meridian. 

' When the whole set of angles required are set off and 
nnmbered they have to be transferred to the station, one 
after the other, with parallel rulers, in doing which much 
error creeps in, both while setting the edge of the ruler 
against the points, and then in shifting the ruler along to a 
distant part of the paper. 

' It is a Tet^ delicate instrument, liable to be soon strained 
and rendered unfit for use. 

' Lastly, the general inaccuracy which this method im- 
plies, for the sources of error are bo many that the work 
cannot be brought to a close in a satisfactory manner, and 
.when done it is little better than a survey plotted with a 
common protractor, where the degrees and half degrees only 
are mtu-ked. 

' In maldng sarveys of estates and parishes, while on half- 
pay, I suffered much for want of a better system of plotting 
than any I could find after making every inquiry and search- 
ing books on the subject. Such methods do not meet the 
exigencies of practical men, and hence it is usual to employ 
the chain alone. The theodolite is very little used amongst 
private surveyors, they reject the system altogether* The 
theodolite is, however, an invaluable instrument &c &e 

Mr. Howlett then describes his pattern semicircular pro- 
tractor, of which we here give an illustration 




Of this instrument we can certainly speak most favourably. 
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after having used it on important surveys, one of which was 
that of a large city abroad ; at the same time, we cannot by 
any means subscribe to all the complaints he brings against 
the circular protractor, which we have found to produce very 
accurate results. The worst that can be said of it is, that it 
requires care ; but, then, so does a theodolite : if either falls 
into bad hands it is soon injured. 

Mr. Hewlett observes as follows when speaking of the 
above instrument : 

* As, when away from home, it seldom happens that the 
surveyor can obtain a good di^wing-board, or even a table, 
with a good straight edge, I fix a flat ruler to any table by 
means of a pair of clamps, and against this ruler I work the 
T-square, one side of which has the stock flush with the 
blade ; or, if a straight-edged board be at hand, then the 
square may be turned over and used against that edge instead 
of the ruler. Here, then, is the most perfect kind of parallel 
ruler that art can produce, capable of carrying the protractor 
over the whole of a sheet of plotting-paper of any size, and 
may be used upon a table of any form. It is convenient to 
suppose the north on the left hand, and the upper edge of 
the blade to represent the meridian of the station. 

* The protractor is held in the hand while the vernier is 
set, which is an immense comfort to the sight ; and it will 
be seen that as both sides of the arm are parallel with zero 
and the centre, the angle may be drawn on the paper on 
either side, as the light or other circumstances may render 
desirable.' 

From this description it is clear that angles taken with 
the theodolite can be transferred to the plot as accurately 
as the protractor can be set — namely, to a single minute, and 
that, too, in a rapid and pleasant manner. 

* By means of the notch at the end of the arm, this instru- 
ment may be used in the manner of a circular protractor.' 
This is by drawing a pencil line along the edge instead of 
using the steel point in the circular protractor. 

We shall have to return to the practical use of this instru- 
ment in a future chapter ; in the meantime, we may here 
observe that, for all ordinary purposes, we consider this pro- 
tractor most convenient and secure. 

Besides the above two instruments, there is the cardboard 
protractor, to which we have already referred ; and also a 
large size metal protractor, but without any vernier, which 
many prefer to any other description of protractor. 
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CHAPTER VI. 

APPLICATION OF TRIGONOMETRY TO STMlVKYINO. 

GEOMETRICAL UEMORANDA AND TKIOONOMKTKICAL UL'LKH— I'KArj'K.'AL 

TRIGONOMETRY ; RCLKS, 

The complement of an arc is the difF(?r(?nco hot ween iliat 
arc and a quadrant or right angle ; thus, tSO" is tlie coiiiple- 
ment .of 60 , the angle of 90® being made up of GO** and Hif. 

The supplement of an arc is the difference between that 
arc and a semicircle or two quadrants of ISO**; thus, »*J0*^ 
is the supplement of 150°. 

Any side of a triangle may be taken as the base of such 
triangle ; but for either the purpose of calculation, or that of 
plottmg or describing on paper, it is always best to take the 
longest side. 

^e greater angles of any triangle- are subtended by the 
greater sides, and its equal angles are subtended by equal 
sides. 

The three interior angles of every triangle are equal to 
180**, or two right angles. 

Triangles with equal sides have also equal angles. 

If two triangles have two angles equal, each to each, the 
remaining angles of each triangle will be equal to each 
other. 

The exterior angle of any triangle is contained between a 
side and the adjacent side produced. 

ABC is an erberior angle to the triangle abd, and 
A B D is its adjacent angle (fig. 31). 

The angles made by one line falling on another line are 
equal to 180® ; so, therefore, are the adjacent and exterior 
angles of any triangle. 

The three angles of any triangle being equal to two right 
angles, the exterior angle is equal to the two interior oppo- 
site angles. 

Lines produced through the summits of equal angles 
described on the same side of any base line will be parallel 
to such base (figs. 32 and 33). 

The segments of the sides of a triangle which are inter- 
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sected by a parallel to the third side of the triangle are 
proportional (fig. 34) : 

DB : BE : : DA : EG, and AD : db : : EG : eb. 

The intercepted portions of such parallels will be to each 
other as the segments of either of the sides are to each 
other. 

Lines produced through the equal and homologous sides 
of triangles also produced are parallel to the base on which 
such triangles are described (figs. 35 and 36). If the triangles 
AEP and OGH are equal to each other, and if ab is equal to 
CD, then BD is parallel to eh. 

The sides of triangles containing equal angles are pro- 
portional. Any number of divisions of ab (fig. 37), through 
which parallels are drawn to intersect ao, will be propor- 
tionals to the divisions of AG ; that is, Ab will be to ac as ab 
is to AG, if b c is parallel to BC. If, then, we wish to divide 
any line, AC, into a certain number of equal parts propor- 
tional to the divisions of another line, as a B, we have only 
to draw AC through the point A, and, making an angle (the 
nearer to 60** the better) with ab, join bc, and through the 
divisions of AB draw parallels to bc to intersect ac ; these 
parallels will divide AC into equal parts ; as, for instance, for 
a scale, which will be proportional to the divisions of ab. 

The two sides of a triangle containing any angle bisected 
or divided into equal parts by a line produced to intercept 
the third side opposite to the given angle, will be propor- 
tional to the adjacent segments into which the third side is 
divided. Let the angle a (fig. 38) be bisected by the line 

AGD. 

Then, ab : bd : : AC : CD ; 

and bd : DC : : AB : AC ; 

and AE : EG :: AP : Fo; 

and EG : GF : : ae : af. 

Two triangles containing two angles, equal each to each, 
are similar triangles, and two rectangular triangles contain- 
ing two right angles, and also any other angles, equal each 
to each, are similar triangles. 

Any line drawn perpendicularly to and bisecting any chord 
of a circle, is a diameter to such circle (fig. 39). 

Straight lines drawn through a circle, which are equal to 
one another, are equally distant from the centre. 

The angle at the centre of a circle is equal to twice the 
angle at the circumference, both standing on the same base 
or chord (fig. 40). 

Any angle in a semicircle standing on the diameter, that 
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18, with one leg at one end and the other leg at the other 
end of such diameter, is equal to a right angle ; and the 
angle contained by a greater segment of a circle than a 
semicircle is less than a right angle, and the angle contained 
by a segment less than a semicircle is greater than a right 
angle. 

In any circle (fig. 41), a perpendicular fix)m the circum- 
ference to the diameter is a mean proportional to the 
segments into which the diameter is divided by the per- 
pendicular ; that is, 

AD : DC : : DC : db. 

To set out Perpendiculars on the Ground with a Chain only, — 
Let AB (fig. 42) be the Une from the point o, on which a 
perpendicrdar is required. Make oc and OD equal to 50 feet, 
and drive in an arrow at c and d, so as to hold down a 
handle of the chain at each of these points. Take the 50 
mark in hand and draw it out towards e ; when the chain is 
exactly tight throughout, its centre will be at the point e, 
from which a line dbrawn to o will be a perpendicular to ab. 
To check the work, do the same thing at f ; if true, eop will 
be exactly in line. 

To set out Parallels on the Ground, — Through the point c 
(fig. 43), to set out a line parallel to the line ab, set out 
any line dh and bisect it at p. From the point f on the 
given line, set out the straight line feg; make eg equal 
to FE. Now take any other point on ab, but between f and 
B : measure on, and bisect it as at i ; set out fik ; measure 
PI and make ik equal to pi. K the work has been properly 
done G, 0, k, will all three range in one line, and gk will be 
parallel to ab. 

The measurement of inaccessible lines we have already 
referred to, and we shall here only give one or two more 
examples. 

Let the line ab (fig. 44) cross a river of which the width is 
required ; take a convenient point, and two others, o and e, 
on the base ab; the nearer the three sides of the triangle 
just formed are to equality, at a guess, the better. 

Set out CDF, a perfectly straight line; measure od, and 
make pd equal to it. Now make edg a perfectly straight 
line; measure ed, and make dg equal to it. 

Set up a rod at g, p and d, and range the lines gph and 
BDH; drive a peg at the point of intersection h. Measure 
PH, which wiU give the length of ct) ; a check is obtained by 
measuring pg and eg, because they should be equal. 
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PRACTICAL TRIGONOMETEY. 

The sine of an arc is a riglit line drawn from one extremity 
of tlie arc perpendicular to tlie diameter wliich intercepts 
the other extremity of the arc. ab is the sine of the angle 
(fig. 45). 

The cosine of an arc is the sine of the complement of that 
arc, or of the part of the diameter which lies between the 
centre of the circle and the sine, bo is the cosine of the 
angle aob, and the sine of aom. Therefore the cosine of 
an angle is equal to the sine of the complement. 

The sine or cosine of any arc or angle can never exceed 
the radius ; the secant and cosecant are never less than the 
radius ; the tangent and cotangent admit of all possible de- 
grees of magnitude. 

The tangent of an arc is a right line drawn perpendicular 
to the diameter, at one extremity of the arc, and terminated 
by a right line drawn from the centre through the other ex- 
tremity. TN is the tangent of the angle aob. 

The cotangent of an arc is the tangent of the complement 
of that arc. nt is the cotangent of the angle aom, and 
the tangent MS of the angle aom, is the cotangent of the 
angle aob. 

The secant of an arc is a right line drawn from the centre, 
through one extremity of the arc, and terminated by the 
tangent, or a line drawn perpendicular to the diameter at the 
other extremity, ot is the secant of the angle aob. 

The cosecant of an arc is the secant of the complement of 
that arc. OS is the cosecant of the angle aob, and the 
secant of aom. 

The versine of an arc or angle is that part of the diameter 
which lies between the beginning of the arc and the sine. 
KB is the versine of the angle aob. 

The coversine of an arc is the versine of the complement 
of that arc. cm is the coversine of the angle aob, and 
NB the coversine of the angle aom. 

The chord of an arc is a right line joining the two ex- 
tremities of that arc, as ad. 

The above belong equally to an angle as well as to the arc 
which is the measure of the angle. 

If the sine or cosine, secant or cosecant, tangent or cotan- 
gent, be required of any angle greater than 90°, it is the 
same thing to find the sine, cosine, secant, &c. of the supple- 
ment, or what it wants of 180°. 

The above sines are also called the natural sines, cosines, 
secants, &c., of the arcs or angles to which they belong. 
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The sine, cosine, secant, &c., of any arc or an^lo l)i*inpr of 
fhc same mognitade as the sine, cosine, si*t*ant, iVo., of its 
sapplement, as explained, it is evident that a table v( these 
Unes calcnLited for every degree, minute, iS:e. of the quadrant, 
or 90% will answer our purposes for the whole circle. 

In the tables of natural sines, cosines, tan^^ents, A:c., the 
ladins is unity, and may be taken as 1 mile, 1 chain, 1 yarJ, 
&c., when the calculations deduced from calculating by the 
tables will also be miles, chains, yanls, or fractions of them. 

For instance, for the following angle, say oO"* : — 

The sine will be '50000, equal to the cosine of (50** 

The cosine „ *8CC02 „ sine „ 

The secant „ 1-15470 „ cosecant „ 

The cosecant „ 2-00000 „ secant „ 

The tangent „ '577-55 „ cotani^oni 

The cotangent „ 1*73205 „ tangent 
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Having the sine of an angle to fiml the coship, tdugrnty and 
$ecani. — Subtract the square of the sine from the square Of the 
radius ; the cosine will be equal to the square root of the 
remainder. 

To find the tangent. — Multiply the radius by the sine, and 
divide by the cosine ; the quotient is the tauj^out required. 

To find the secant. — Square the radius and also the tangent; 
the square root of the sums will give the secant. 

Calculation of plane triangles. — All tlie varieties of calcu- 
lations that can occur in the solution of the sides or angles 
of plane triangles are comprised in the following three 
cases: 

When two sides and their included angle are given. 

When of three given things, two are a side and the opposite 
angle. 

When the three sides of a triangle are given. 



RULES. 

When of the three given things two are a side and the opposite 
angle. — Tlie sides of any plane triangle are to each other as 
the sides of their opposite angles ; or, in other words — 

As any side is to the sme of its opposite angle, 

So is any other side to the sine of its opposite angle. 

Or, 

As the sine of any angle is to its opposite side. 

So is the sine of any other angle to the opposite side. 



96 APPLICATION OP TKIGONOMETRY TO SUEVEYINQ. 

f « 

Therefore to find the sine of an angle, begin the proportion 
with a side opposite to the given anglo, and then having the 
sine, look in the table for the corresponding angle. 

To find a side, begin the proportion with the sine of the 
angle opposite the given side, that is the side of which the 
length is given. 

When two sides are given, and the side opposite to one of 
them, the question is sometimes ambiguous. Thus if the 
given angle be opposite to the least of the two given sides, 
the angle to be found by the rule may be either an acute 
angle or its supplement ; but if it be opposite to the greater 
side, the required angle will be acute. 

When two sides and their inclvded angle are given. — As the 
sum of any two sides is to their difference. 

So is the tangent of half the sum of their opposite angles, 
to the tangent of half their difference. 

Then the half difference of these angles, added to their 
half sum, gives the greater angle, and subtracted from it, 
gives the less. 

All the angles having been thus found the remainder may 
be obtained from the former rule. 

When two angles are given^ and the side opposite to one of 
them, to find the side opposite to the other. — This is a very 
common case, in harbour or river surveying, and in very many 
instances of surveying in wild and uncultivated countries, 
which in many places are almost or quite inaccessible. 

As the sine of the angle opposite to the given side, 

Is to the given side. 

So is the sine of the other angle. 

To the side required. 

In fig. 46, let ab be the given side; agb, a given angle 
opposite to it, and cab the other angle. 

Put 0, for the angle aob, and A for the angle cab. 

Then, 

sine of : AB :: sine of A : bc, required. 
Then, 

AB X sine a 

; = BC. 

sme 

Let AB measure 1000 feet; angle A =63% and angle 
= 57°. 

The natural sine of angle a =63° =0-89101. 
The natural sine of angle c = 57°=0-83867. 

1000x0-89101 

0-83867 -1^62-4, 

which will be the length of bc. 
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IF now we take this lenj^h from a scale, in a pair of com- 
puaes, as a radius, and strike an arc with it from the point b, 
it will cut the line ao at c ; a line drawn from c to b will be 
eqasl to 1062*4 feet. 

K the base ab had been equal to 10*00 chains, then we 
should have had for the length of bc, 10*G2^, or 10 chains, 
and 62-4 links. 

Obeerre now that if the line ag is out at sea, as we here 
suppose to be the case, we get the point c, on the plan, where 
perhaps a sounding has been taken. 

Farther on along the line, let & be another point where 
a sounding has been taken ; required the length of c^b. 

The angle a, and the length of the line ab remain un- 
altered; then, ab X sine of a, remains constant, and we 
shall have only to look in the tables for the natural sine of 
the angle o'. Let this measure 49° 30^, the natural sine of 
which is 0-76040. 

Then, 

1000 X 0-89101 ..^.Q „ . 

76040 

Bepeating the same operation as before, gives the point c', 
and so we may go on to any length. 

We might in the same manner have obtained the length 
of AC ; that is by similar calculation ; but we must first have 
subtracted A -h c from 180°. 

Then we should have had, 

sine c : ab :: sine of ba : c. 

In fig. 47 we have another example of the very useful 
application of right-angled trigonometry in the field. 

The base line ab intersects several branches of a river. K 
we can ascertain the lengths of c,, Oj, Cj, o^, the details may 
be picked up at any fatiire opportunity, and there is no risk 
of tiie correct measurement of the base being endangered. 

Set out DA, equal to 600 feet, exactly at right angles to 
AB. This may be done with the theodolite or box sextant ; 
if with the latter, set out n, at a considerable distance from 
AB. At the same time pole out 1, 2, 3, &c., on the base, 
which should be done also with the instrument, when we 
want accurate results. 

Now measure the angles ODi, oDj, 0D3; 

Let the first equal 35° 
„ the second „ 50° 
„ the third „ 75° 10' 
„ the fourth „ 80° 5'. 

H 
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It will be seen that gb is a tangent to these angles. We 
have therefore only to take the natural tangents ^ of these, 
multiply them by the radius da, to obtain the consecutive 
lengths along cb. 

Angles. Feet. Feet. 

Tangent of 35° 0'= 0-70021 X 500= 360-1 = c, 

50° 0' = 1-19175 X 500 = 595-87 = c^ 

„ 75°10' = 3-77595 x 500 =-. 1987-97 = C3 

„ 80° 6'= 5-71992 x 600 = 2859-96 = c^ 

The calculations are very short, the work is easily done, 
and the results very accurate, if a little precaution is taken. 
Tor instance, each of the points 1, 2, 3, &c. should be set out 
from D, so as to avoid fractions of minutes, which are liable 
to introduce angular error, and complicate the calculations. 
Generally, even minutes, in such cases as the above, are un- 
necessary ; because when at n, having ascertained the where- 
abouts of 1, 2, 3, &c., we may set the instrument to a full 
degree, and pole out accordingly, the assistant on the base 
taking care to keep himself on the line. 

In the same manner as above we might have taken the 
angles at 1, 2, 8, and 4, but we should then have had to 
employ the tabular cotangents, instead of the tangents. The 
results would have been exactly the same. 

Angles. 

Thus, cotangent of 55° 0' = 0-70021 

40° 0' = 1-19175 

14° 50' = 3-77595 

9° 55' = 5-71992 

* For Tables of Natural Tangents, see * The Engineer's, Mining Surveyor's, 
and Contractor's Field Book : ' Second Edition (Lockwood and Co.) 
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CHAFTER VII. 

THEODOLITE SURVEYING. 

SETTIK6 UP THE INSTRUMENT — SETTING OUT AND PRACTICAL EXAMPLE 
OF SURVETIKa WITH TEEOr)OLITE«— PROTRACTING. 

Wb have given in the preceding pages a full explanation of 
the whole process of chain^snrveying, and also of the construc- 
tion and adjusbnents of instruments. We shall now, without 
any farther reference whatever to these subjects, explain the 
use of the theodolite in the field, and in the first instance we 
wiU say a few words about setting out bases with the assist- 
ance of this instrument. 

In fig. 48, let a and b be any two distant objects, which it 
has been determined to connect by a straight line or base ; 
but there is some difficulty in setting out the line, because of 
high ground between the two stations, which prevents the 
one being visible from the other. 

To set out a base line as a, b, the two points being in- 
visible from each other, on account of high ground inter- 
vening between. — Take any convenient point as c, and with 
a sextant, or (better) with a theodolite, set out the angle of 
90'' AOD, and set up a pole at n, making en, approximately, 
some 15 or 20 chains. Now measure the angle dcb, and 
subtract it from 90°. Set out the angle dce, equal to the 
difference ; oe will intersect ab at right angles. Let a pole 
be set up at e. Now set the sextant to 90°, and walk towards 
E, until with the sextant so set, you can see a and e, and b 
and E ; this will be at the point p. If this point is on much 
higher ground than A and b you will not be able to do this 
exactly with the sextant, because the instrument is only 
capable to measure accurately angles made by objects in one 
plane ; but you may come so near to it, that by setting up 
the theodolite once or twice, at first roughly, and Qien 
accurately, you will obtain precisely the point required. By 
these means, a long base may be set out with any degree of 
accuracy. Tor instance, having assumed the point c, and 
set out CD at right angles to ao, let the angle dob measure 
62° 30'. The right angle minus 62° 30' equal to 27° 30'; 

H 2 
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then make the angle doe equal to 27** 30', when oe will 
intersect ab at right angles ; now proceed to find this point 
of intersection in the manner above explained. This method 
will be found more accurate than the following, which is 
only sufficiently approximate for short lines, or where ac- 
curacy is not absolutely required. 

If from c we had set out a right angle, gob, ce would 
have bisected the angle god. 

The first thing, however, which we have to explain, is the 
method of setting up the instrument. We will suppose the 
tripod planted upon any convenient spot, the theodolite 
taken out of the box, and screwed on well home to the staff- 
head ; that the plummet has been fastened on to the hook 
under the instrument by means of a slipknot, that it may 
be easily raised or lowered as required to suit the height of 
the instrument off the ground. When the instrument is 
fairly set up, this plummet should hang exactly over the 
station peg, which we suppose has been driven at c. 

In doing this, we should as much as possible make use of 
the legs of the tripod, shifting one a little, and then the 
other, so as to bring the plummet over the right spot ; in 
doing this, however, it is necessary to take care that the 
instrument is not thrown too much out of level, because it 
would have to be brought back by the parallel plates, and 
this would throw the plummet off the centre. It may be 
observed that in handling the legs of the tripod, they should 
be set firmly in the ground, but not too much so at first ; 
gradually, as the plummet is brought over the station peg, 
they are fixed more and more firmly into the ground, so that 
you may walk round the instrument, and turn it round in 
the various directions required, vrithout in the least affecting 
the legs of the tripod ; if they were not firm, any external 
motion would disturb the instrument, and vitiate all the 
observations. 

We now suppose all this has been attended to, and that 
we are about to set out the right angle aod in fig. 48. 

Clamp the vernier plate to the lunb at zero, and perfect 
this by means of the slow-motion screw t ; see that the 
other vernier is at 180°. Loosen the lower clamp, and turn 
the instrument bodily round towards A. 

Before you will be able to obtain distinct vision, you vrill 
have to attend to the eyepiece, so as to make the cross 
hairs come out clear and sharp, and to thrust out the tele- 
scope by means of the millhead on the side of it. This has 
been more ftdly explained in describing the theodolite and 
its adjustment. 
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Distinct vision of the object at a being obtained, the 
bisection of the centre by the crosshairs is perfected by the 
dow-motion screw s; this in no way interferes with the 
connection between the vernier plate and the limb ; but it 
moves the instroment a small quantity bodily round. 

This bisection being perfected, see that the zero of one 
vernier is at zero, or 360% on the limb, and that the other 
points exactly to 180% as they should do, whilst the bubbles 
of the two levels on the vernier plate are exactly in the 
centre of their runs ; the instrument is then in order to take 
any number of observations. 

Of course it has been understood that when first setting 
up over the station peg, this was attended to by means of 
the parallel plates, p. 

We have now to set out an angle of 90® ; release the 
vernier plate, by loosening its clamp c. Turn the instrument 
one quarter round ; do this gently, so that the body of the in- 
strument may be in no way disturbed, as the zero of the 
limb should still point truly to the object at a. When you 
have brought the zero, or broad arrow, of the vernier nearly 
to coincide with 90°, on the limb, tighten the clamp screw, 
which you have just loosened, and then perfect this coin- 
cidence by means of the tangent screw, t. This perfect 
coincidence is examined by means of the magnifier attached 
to the limb. It should then be observed whether the broad 
arrow of the other vernier exactly coincides with 270°. This 
being so, the instrument is adjusted to set out an angle of 90°, 

Send a man forward with a pole in the direction required, 
approximately, and lower the telescope ; we suppose its clamp 
has been loosened, so that you may be able to see the lower 
part of the flag pole. You then make signals right and left, 
as required, until the pole has been set up ; so that it is 
exactly bisected at the foot, by the centre of the crosshairs 
of the diaphragm, d is then at the angle of 90° required. 

We may now see to measuring the angle dob. 

Without in any way disturbing the instrument, loosen the 
clamp c, and turn the vernier plate round towards the object 
at B ; this you wiU best accomplish by means of the standards 
or y's ; when you have thus nearly brought the centre of the 
diaphragm on the object, tighten the clamp c, and looking 
through the telescope, perfect the bisection by means of tan- 
gent screw, T. 

Look at your bubbles, to see they have not been disturbed ; 
and then read off your angle by means of the vernier. 
Having noted this, you may loosen the clamp c, and turn the 
instrument round, over the 270°, towards the object at a ; 
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when the centre of the diaphragm nearly bears on it, tighten 
the clamp, and perfect the bisection by means of the tangent 
screw, T. Now look to see if the broad arrow of the vernier 
exactly coincides with zero on the limb, as it did when you 
first started. This will test whether you have disturbed the 
instrument, hodily^ in making your observations. 

If all is well, you may now subtract the angle no a from 
90% and add the difference to no a, the sum of the two ; you 
may now set the instrument so as to be able to set off the 
angle ace, as required. 

Or the instrument being last fixed on b, you may subtract 
the difference between no a and 90°, from 90°, which will 
give you the means of setting off the angle bcg. 

Without referring to this any further, because we have ex- 
plained it at the beginning of the present chapter, we may 
suppose the point f, on the base, to have been found, and 
the theodolite set up in the same manner as we did at c. 

We may now loosen the clamp c, and again bring the ver- 
niers to zero and 180° ; tighten c, and perfect the adjustment 
by means of t. Loosen the clamp under the parallel plates, 
and turn the instrument round to b. When the centre of 
the diaphragm nearly intersects b, tighten the clamp, and 
perfect bisection by means of the slow-motion screw, s. This 
being' made very perfect, loosen the clamp of the vertical 
limb, and turn the telescope right over, end for end, towards 
A ; now look through, to see if a is bisected, which it will 
be if you have established your instrument on the straight 
line AB. 

We will consider this to be the case, and now to range out 
the line ab — ^that is, to set up a number of poles, so that a 
straight line may be chained from a to b — you have only to 
proceed with the assistance of the instrument exactly in the 
same manner as we described at page 7, when setting out 
a base without any instrument. 

K, on the other hand, we merely require the lengths from 
b to F, and from f to a, we have only to take the angles bcp 
and A OF, and proceed in the same manner as we did for fig. 
47, making of our base. 

Practical Example of Surveying with the Theodolite. — ^We 
consider that our reader is now sufficiently acquainted with 
the use of the theodolite to be able to use it on a survey, 
and we shall, therefore, give a practical example of the way 
in which this is done, on the best and readiest system. 

In fig. 49 we show the skeleton plan of an estate to be 
surveyed by chain and theodolite. As we have, however, 
fully explained the method of chaining and offsetting, we 
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shall now refer only to the use of the instniment we are 
treating of. 

Before commencing operations the surveyor will generally 
walk over and round the gromids he has to make a survey 
of. He will more or less definitively determine on his cir- 
cuit lines, and also on the points in the interior, which he 
will make leading stations of. Looking at a piece of paper 
with a few lines upon it, all this appears clear enough ; it is 
different when the irregularities of the ground come to 
be encountered. In our plan, for instance, everj-thing is plain 
enough, because we can take in the whole at a glance. We 
should try to find a spot on our survey where we can do the 
same as much as possible ; fi-om such a place we can deter- 
mine many of the points which can be made useful stations, 
and which can be observed fi-om the circuit lines with which 
we purpose to surround the area to be surveyed. The larger 
this area the more important it mil be to find a sx)ot from 
which we can see as much of it as possible. 

This we must now suppose to have been done, and also 
that we have determined on stations where the centre of the 
protractor is placed on our figure. 

This spot has been selected because we there have two long 
lines down the road, right and left, and because it places the 
north point before us. 

Set up the theodolite at this first station ; level it, &c., as 
already described ; loosen the compass needle, and send a 
man with a flag-pole up the road, as far as you can see, to 
station 2, and another to station 9, also as far as you 
can see, that is clear of obstructions. 

By the time this is done, the compass needle will have 
settled steadily to the magnetic north. With the vernier 
plate firmly clamped to the limb, at zero and 180®, loosen the 
lower clamp, and turn the instrument bodily round, until the 
zero of the limb coincides with the magnetic north ; this will 
disturb the needle a little, but it will soon settle again. 

Having done this, loosen clamp o and at once turn 
the instrument round on station 2 ; perfect the bisection of 
the pole by means of the tangent screw t, and read off the 
angle 2, 1, n, that is the angle which the first line 2, 1, 
makes with the magnetic ; note this angle. You may now 
again loosen clamp c, and turn the instrument round to line 
1, 9 ; perfect the bisection, and read off the angle, which will 
be N, 1, 9, the bearing which the line 1, 9, makes with the 
magnetic. 

Enter this also in your Field Book under the note last 
made : supposing there is a road going off in another direction 
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from 1, turn the telescope round in this direction, selecting 
some convenient object at a little distance, and likewise read 
this bearing. 

If there are any objects in the interior of our area of 
which we wish to fix the position in relation to our survey, 
and which can be seen from this station, treat them exactly 
in the same manner, and note the observations, one under- 
neath the other, in the Field Book, in such manner that we 
shall be certain at any future time to be able to teU what 
they refer to. 

Finally, bring the vernier plate back to bear on station 2, 
and see that it reads, after perfect bisection, exactly the same 
as it did before ; this will be the case, if you have not in any 
way disturbed tiie theodolite, whilst taking the bearings or 
angles above referred to. We have now only to add, as re- 
gards this station, that we should as much as possible fix 
stations, 2 and 9 for instance, so as to make the readings at 6 
or 10 minutes. This may be done by looking at the vernier 
as soon as we have bisected the pole, to see what diflference 
there may be ; then move the vernier back or forward, as 
most convenient, so as to make it coincide with some full 
division on the limb ; then again look through the telescope, 
and have the pole moved until it is intersected, always at 
bottom, if possible, by the crosshairs. Let the pole be then 
held fast in this new situation, until a peg is driven into the 
spot. 

Great care should be taken that this is always at a spot 
where the theodolite can be conveniently set up ; generally 
this is best done by the roadside, and out of the way of ob- 
servation as much as possible. We have paid no attention 
to this in our figure, which we merely want to make clear. 

The observations being complete at station 1, the instru- 
ment is taken up and removed to station 2, where it is to be 
set up again, levelled, &c., as before. The first thing now 
to be done is to release the under-clamp; now turn the 
theodolite round, with the telescope reversed to bear on 
station 1 ; by means of the slow-motion screw s, perfect the 
bisection of the foot of the pole ; observe that this makes no 
difference in any of the angles, as we do not interfere with the 
vernier ; it only places the instrument in position. Look to 
the verniers, to see that there has been no disturbance. 

The object of reversing the telescope is to place the circle 
of the horizontal limb in the same position relative to the 
magnetic which it held when the instrument was at station 1. 
If, for instance, the reading there was 28° north-west, then 
m the next station at 2, one of the verniers on the instru- 
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ment will still be in this position — that is to say, the one that 
pointed to this angle, and tht? other vernier which lies exactly 
opposite to it, will ]X)int to station 1 . 

The bisection of the pole at station 1 being perfected, after 
the instrument has been set up at 2, turn over the telescope ; 
loosen clamp c ; turn the instrument round towards pole JJ ; 
tighten clamp c,and jwrfect the bisection by the tangent screw 
T. Read ofif the vernier ; now observe that this gives on the 
limb of the theodolite precisely the same angle with the 
meridian as that sho^vn as having been pricked oil* by the 
protractor at 3. That is, 3, 1, on the protractor is parallel to 
the line 3, 2, chained along the road, and they both make 
the same angle with the magnetic. 

The observations having Ix^en completed at station 2, the 
instrument is taken up and removed to station 3, where it is 
set up over the hole made by the pole in the gi'ound, and 
levelled. Now loosen the lower clamp again, and, with the 
telescope reversed, turn the instrument round bodily to bear 
on the pole left at station 2 ; tighten the clamp, and perfect 
the bisection by means of the slow-motion screw s ; obseiTe 
that we have not interfered with the vernier ; we have only 
fixed the instrument in position as before. 

The bisection being made perfect, loosen the clamp c, and 
with the telescope again reversed, turn the vernier plate 
round towards the pole at station 4 ; tighten the clamp, and 
make perfect the intersection by means of screw t ; read oflf 
the angle. 

Here again we may observe that this places the vernier, or 
the horizontal limb, exactly in the same position that line 4, 1, 
is on the protractor in the plan at tig. 49. The line 4, 3, 
along the road is parallel with 4, 1, on the protractor, and 
therefore makes the same angle with the magnetic. 

From this point, several angles were taken with objects in 
the interior of the survey, these being sho^>Ti by fine dotted 
lines ; each of these angles of course makes an angle with the 
magnetic meridian, and would be shown in the same manner 
on the protractor. Observe, however, that after having made 
the first observation at station 1, on the needle, we have not 
again referred to it on the ground ; we are therefore in no- 
wise influenced by any local or diurnal variation of the 
compass needle. We merely take the vernier readings. 

The instrument is now removed to station 4, set up, and 
levelled ; the lower clamp is again loosened, and, with the 
telescope reversed, the instrument is turned round bodily to 
bear on station 3 ; tighten the clamp and perfect the bisection 
by means of the slow-motion screw s. Read off your verniers 
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to see there has been no alteration from the last reading. 
Now loosen clamp o, and having again reversed the telescope, 
turn the vernier plate round to bear on the pole held at sta- 
tion 6 ; tighten clamp c/ and perfect the bisection of the 
pole by means of the tangent screw t. Read off the angle. 

The verniers of the instrument are at station 4, in the 
same position relative to the magnetic, as line 6, 1, in fig. 49, 
as shown by the vernier of the protractor. The line 6, 4, is 
parallel to the line 6, 1. It will be observed that at every 
remove of the instrument the first thing to do after levelling 
the instrument, is to loosen the lower clamp— that which is 
beneath the parallel plates — and to bring the instrument to 
bear on the back station, after having reversed the telescope ; 
this perfected, we apply ourselves to the vernier clamp c, 
which loosens the vernier plate, enables us to turn it round, 
and obtain the required angles. In this manner, above de- 
scribed, we complete the circuit of our survey, repeating the 
same operations ; we need not therefore refer to them any 
further at present. 

Let it however be observed that on setting up the instru- 
ment at station 9, we have completed the visual circuit. 
Now the first thing we have again to do here, is to loosen 
the lower clamp, reverse the telescope, turn round to the 
pole at station 8, perfect the bisection, release the vernier 
plate by loosening the screw o ; reverse the telescope, turn 
round to station 1, tighten the clamp c, and perfect the 
bisection. S.ead off the angle. 

We have now the critical moment of the survey, because 
the vernier should now read precisely the same angle as it 
did when at station 1 we took the bearing of the line 1, 9. 
If this is exact, then the work is very correct, and if the 
chaining has been good the work will be perfect. It is 
seldom, however, this occurs so closely as we could wish, and 
there is often a deviation of four or five minutes ; this will 
be the total amount of error, and should be divided over the 
whole of the observations or angles taken. 

If, however, care has been taken, as wehave before suggested, 
to adopt the plan of avoiding fractions of minutes, and even as 
much as possible to set up the station poles, so that the 
verniers shall read some five or ten minutes, it will be found 
that a very considerable source of error has been eliminated. 
As we have already explained how this is to be done, we need 
not refer to it again. We merely suggest the adoption of 
the plan, because on a very extensive town survey we made 
some years ago, and which was to be plotted to a very large 
scale for works, we were at first rather troubled as to how 
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we should get rid of this general source of error. We were 
fhe more anxious about it, because an immense number of 
angles had to be taken, many of the bends in the irregular 
stilts not being more than thirty and forty feet long ; it was 
when considering over the probable causes of error that we 
thought of this one, and we had afterwards every reason to 
be satisfied with the results of the course we adopted. In the 
case of any grave error at station 9, you must work back 
upon stations 8, 7, 6, until the error has been found out. 

With regard to stations in roads, we advise the surveyor 
as much as possible to get these by the roadside ; in the first 
place, he will then not be disturbed by passing traffic, and if 
the pegs are weU driven down, he will generally be able to 
find them again. As probably, however, he will be sure to 
require some of these stations again to chain side lines 
from, it will be necessary that he should be sure of it ; besides 
the peg, therefore, we advise cutting two Uttle marks in 
the baiiks in line with the peg; or cut a few notches 
on some of the sticks in the hedge: you may make a 
hole at the station and bury a piece of paper. Avoid, how- 
ever, making holes in the central portion of the road, as this 
might be productive of fatal accident, and get the surveyor 
into serious trouble. 

It often occurs that a large survey is often divided into 
several minor ones by the means we have above described ; it 
is therefore very necessary that these stations should be 
made in such a manner that we shall be certain to find them 
again. 

Protracting. — We may now proceed to protract the angles 
on paper, so that we may be able to get the exact form of our 
survey. 

We shall do this by means of Hewlett's Protractor, which 
we have described and explained the use of at page 87. 

To use the protractor, we should have a sheet of perfectly 
flat paper, and a long pair of parallel rulers, or a T-square. 

In the first place, draw in a line representing the magnetic 
meridian, up and down the paper, and through this draw 
another line at right angles to the first, representing the east 
and west points ; see that you place these lines in a con- 
venient part of your paper. 

Exactly over the intersection of the lines place the centre 
of the protractor, so that zero and 180° shall coincide with 
the east and west points and 90°, or 270° with the north and 
south. When this has been very accurately obtained, press 
the protractor tight down on the paper, which will ma^e it 
fast by means of the two little pins underneath. 
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We are now ready to protract. Take the Field Book and 
read off, in the first place, all the angles of the circuit ; place 
these before you consecutively. Run the vernier of the index 
round to angle No. 1, making use of a pocket magnifier, if 
necessary, to lay off the vernier to the proper minute. It 
will be seen that the instrument is provided with rack and 
pinion, or tangent screw motion. Having got the correct 
angle, draw in a line along the edge of the protracting bar. 
The vernier may be now set to angle 2 ; that is, the angle 
taken at station 2, just in the same manner as the above. 

In the next place, we may in the same manner protract 
the angles for 3, 4, 6, &c., to our last observation, and we may 
take up our prolractor, after having ascertained that the 
work has been correctly done. Care should be taken to run 
a little circle over every line protracted, with 2, 3, 4, 5, &c., 
marked in it, to refer to the particular angle which each line 
refers to. 

We may now take a straight edge, and draw in the line 
1, 2, the first on the survey ; we then take the scale to which 
we intend to plot the survey, and set the zero at the point of 
intersection 1, and the edge along the line. We then prick 
off the length of the first line to station No. 2. 

We now take a pair of parallels and lay the edge at 1, 3, 
and run the rule up to the end of line No. 1, as last plotted ; 
draw in a straight line along the edge of the ruler, through 
station 2 ; this wiU fix the direction of line 2, 8. Set the 
zero of the scale at station 2, with the edge along the line 
last drawn, and prick off the length of the line 2, 3. We 
proceed in the same manner until we get to the end, which 
will complete our circuit. 

We have already made some remarks about the parallels 
and plotting in this manner when describing the pro- 
tractors. 

The other way of proceeding is by means of the T-square. 

Let there be any straight-edged rule fixed, as at a b 
(fig. 49), or, if this is not necessary, let there be merely a 
straight line drawn there : either of these must be parallel 
to the line representing the magnetic north, and the line 
representing east and west should be drawn in with the 
T-square. 

Let us suppose that line 1, 2, has been plotted ; we have 
now to run up the T-square towards station 2, in such 
manner that we may lay the lower part of the protractor 
against the edge of the T-square, whilst the centre of the 
instrument lies directly over the station 2. The vernier of 
the protractor having been set to the angle 2, 3, it is laid 
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off; the line 2, 3, is then run in with the straight edge, and 
plotted off with scale. 

We have now to protract the angle 3, 4. For this purpose 
we handle the T-square just as we have above, and as it is 
shown in the figure, bringing the blade towards station 3, 
whilst the centre of the protractor, set to the proper angle, 
is laid over the station. In this manner we lay off the line 
8, 4, and then plot in its length with the scale : it is need- 
less to explain tiiis any further, because the figure 49 almost 
explains itself entirely. 

When the survey is very extensive, or when even an ordi- 
nary survey is plotted to a very large scale, we cannot trust 
to parallels, nor can we expect to find T-squares long enough 
for our purpose. In such cases we must plot as far as we 
can by either of the means just pointed out, and through 
the laist station pricked off, we must lay down a new mag- 
netic and east and west lines ; at this point we may again 
use the protractor for laying off another set of angles. To 
produce correct work, considerable care is necessary to make 
this second magnetic parallel to the first ; for if it is not 
exactly so, the pains taken with the theodolite in the field is 
so much labour lost. The best method, and the most simple, 
is that we shall describe in Traverse Surveying, in a future 
chapter. 
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CHAPTEE Vni. 

ENGINEERING SURVEYS WITH INSTRUMENTS. 

BOAD AND RAILWAY SURVEYING WITH INSTRUMENTS ; SETTING OUT ; 
THEODOLITE ; BOX SEXTANT — EXPLORATION SURVEYS ; CANALS AND IRRI- 
GATIONS ; HILLS AND WATERCOURSES — LEVELLING BY INCLINATION — 
TRACING LEVELS IN HILLY COUNTRIES. 

We will now go rapidly throtigli the description of a rail- 
way or road survey with instruments, because we have 
already referred to the subject of railway surveying vdth 
chain only. The exploration portion of the subject is con- 
sidered farther on in this chapter. 

The first thing to look out for on getting on to the ground, 
with map in hand, is the highest spot from which we can 
see in both directions, back and forwards if possible, and as 
near the line of works showu as may be convenient. 

The first spot we happened to select was a, fig. 50 ; not 
because it was exactly on the line, but because we had very 
high ground close by, from which we could see in both the 
above-mentioned directions. 

From here we determined to set out the line ab. For this 
we selected a tree in the distance, taking care to clear the 
comer of the wood on the left hand. The chain was cast out 
at once at a, and a man set it forward vdth poles and whites, 
and instructions : see page 7. 

Standing at our starting-point, and looking right on 
towards a, we commenced sketching-in some of the fences, 
whilst the chainman was laying out the first chain. Before 
we had laid out more than eight or ten chains, the man we 
had sent forward was waiting for instructions, at the fence 
beyond the first brook ; we knew that before we could reach 
the hollow we should lose sight of our forward object. 

When, according to our directions, he had set up the mark 
we wanted, he started for the brow between the two streams ; 
we considered that this brow, as we ascended from the hollow, 
would also hide our forward object. From here we started 
on for the comer of the fence beyond the second stream, 
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because we knew that we should here have a repetition of 
what occurred at the first brook, &c., &c. 

Now we want two things to be particularly considered by 
the student. Before we started this man forward with the 
poles, we thought first as to what we should require him to do ; 
this was, that we should always have a forward object to sight 
upon, and that the chainmen should never be kept waiting. 
We explained this to our pole-man, and, from the high ground 
at A, showed him pretty nearly where we should require 
marks to be set up, making him also understand that he 
must look out to see where, on the line, the forward object B 
would be lost sight of. 

It must also be observed that whilst we had point b to 
guide us, he might be guided in the same manner by a tall 
pole left at A ; by these precautions, and the line given by 
men* who were chaining, we had always the means of keeping 
the line true, so long as we took care to do it beforehand, and 
before losing sight of everything, backwards and forwards ; 
where a fence only was in the way, we selected anything in it 
to guide us until we crossed. 

All this is extremely simple, but on its being carried out 
intelligently depends almost entirely the slow or rapid pro- 
gress you may make in the course of the day. Everything 
should be so arranged that the chainmen should never have 
to stop for want of the means of going on with the line. 
By adopting the method we have above described, it will 
be found that all these matters will be kept right. 

As the chain- work is proceeding we of course have stations 
for side lines. For instance, we shall want to chain to g, Tc, Z, 
to pick up fences and brooks, &c. We always fix the direc- 
tions of these by the box sextant ; that is to say, we take the 
angles which the chain lines will make with the base. 

Bi many cases where there is not a great deal of work on 
them, we sketch in the Field Book the angles which the side 
lines make with the base, noting the correct angle of course 
by the side of the line, and mn it out at once in the same 
page of the book that the base line is fielded in. Where the 
work is intricate, we use another page, as explained elsewhere 
under the heads of * Chaining,' and * Field Book.' 

We may now suppose we have reached the point b ; of 
course it is considered that we recollect enough of the country 
to remember the fence co. 

It is not important, as regards fences, whether the chain 
line is half or even a whole chain one way or the other ; we 
took a tree in the distance, on high land, out of our plan : 
we had poles set up down in the hollow road, and upon the 
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next brow, and from b started for c. Before moving on, 
however, we took care to drive a peg at b, for theodolite 
purposes ; we did the same at c, when we set out the line 
DOE. This we chained, and afterwards ef; and then the 
long line fg, which was produced some distance beyond G. 

But up to the present time all these lines are lying loose ; 
they could not be plotted. When we considered we had 
done enough to give us a morning's work with the theodolite, 
we took the instrument out. 

The instrument was set up first at b, where we took the 
angles abf and abg. It was then taken to c to fix ed ; 
and to E, to take the angle def ; and lastly, to f, to take the 
angle epb. This determined Ihe position of fg. The re- 
mainder of the work was picked up by running lines between 
the bases. The theodolite was then taken on to a, to set out 
H on ab produced, and afterwards to take the angle ihb. 

EXPLORATION SURVEYS. 

Previous to beginning an actual survey, in the sense in 
which this word is generally accepted, the country to be 
traversed should be visited, to the extent of being able to 
ascertain the number of routes that can be taken ; the value 
of these routes will depend on the minimum of cost for 
lands and works, and the maximum of traffic that may be 
obtained ; so that the cheapest line may not afber all be the 
best, unless we can see means of diverting the traffic on to it. 

Necessarily this involves an examination into the trade and 
importance of even small towns and villages : not only as 
regards their actual state, but the alterations to be produced 
by railways, roads, canals, tramways, &c. ; therefore, not only 
the actual state, but the capabilities of such places require to 
be looked into. 

Geological features are often of the greatest importance ; 
mines of coal, iron, copper, lead, &c. ; quarries of limestone, 
slate, marble ; or the situation where these may be found 
should be carefully examined ; all existing or possible manu- 
factories ; the state of agriculture, and the alterations that 
may be brought about by the proposed works. 

All possible information should be obtained as to the 
existing cost of transport, the routes taken, and the means 
of locomotion. 

Great care should be observed in gaining aU the know- 
ledge that may be acquired as to the different levels of 
brooks, streams, and rivers, more particularly the flood 
levels, ordinary and extraordinary ; because these will deter- 
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mine location of works, the heights to which they must be 
carried, and the position and capacity of reservoirs. 

With regard to rivers, it is very important to ascertain 
where, in times of unusual floods, branches of the river 
may break out ; if any of the sites of these are known 
amongst the inhabitants, they should be careftdly traced. 

The question of materials for the works is an all-important 
one, and should obtain the surveyor's best consideration ; the 
existence of gravel, sand, clay, stone, and timber should all 
be very carefully inquired into ; as also the labour to be 
obtained from far and near. 

In obtaining information upon all these points, he should, 
of course, investigate, as much as opportunities offer, for 
himself; at the same time we strongly urge him to avail 
himself of all local information. He will find opinions 
generally to vary to an important extent — often from in-» 
terested motives, and often also because of the different 
views which men take of the same subject. 

All these conflicting opinions should be noted, and caFe-* 
fully investigated as opportunities offer. 

The most economical works are generally those which are 
made entirely at a high level or a low one, a summit or 
valley line ; we cannot, however, always obtain these en- 
tirely, and are often obliged to reconcile the two. This 
point is one that gives the greatest trouble in a reconnoitring 
survey. 

All summits to be crossed, the most favourable points where 
this may be effected, the materials to be cut through, the 
sites and nature of the inclines that may be adopted to reach 
them, the brooks or streams that may or must be crossed, or 
that may be contoured, are amongst the surveying points 
that must be examined ; not minutely or fastidiously, but 
with sufficient observations to give a fair idea of different 
routes, and consequently sections, that may be adopted. 

It is no longer a question of cottages, and the exact 
number of outbuildings ; of fences and their bends ; of foot- 
paths and a few inches of difference in the level of the roads ; 
or ^ standing orders,' in short. It is a broad and sensible ex- 
amination of a country that is required, with just so much 
topographical information, and notes of observations, as may 
guide an engineer in determining upon one line in preference 
to half-a-dozen others. 

Hills to be passed, valleys to be crossed or contoured, 
bridges or possible aqueducts over streams or brooks; the 
greater or less plentiful supply of water, particularly at 
summit levels for canals and irrigation works ; the state of 

I 
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springs, and often underground drains, which we have known 
to carry at times enormous quantities of water, unperceived, 
and therefore uncertainly accounted for ; their existing ap- 
propriation, and how they may possibly be made use of. 

The general angle of inclination of hills and valleys, with 
the bearings of such lines, will often be found of the 
greatest value. If there be no general map, it is such a 
map that he will have first to construct ; a few bearings laid 
down so as to be able to pick up the general position and 
contours, or rivers and streams, roads, woods, villages, valleys, 
and summits, will often give him the very thing desired ; 
the great requirement in many such cases is about the same 
information as may be acquired from one of our best sheets 
of Ordnance Map, and to look after details in such matters 
is often not only wast^e of time, but occasions the neglect 
of other matters, in other places, which are far more 
important. 

In the matter of surveys for irrigations and canals, we 
often meet with large quantities of gravel or sand, which 
would be more desirable on railway works ; it is often of the 
greatest importance to ascertain whether these are water- 
bearing ; a cutting made through them, unless very expen- 
sively puddled, will often drain away all the water for miles ; 
this may often be a desirable event ; but sometimes, however, 
it is the reverse, and with important consequences. 

For such works as the latter, cana], &c., attention should 
be given to the points where, by contouring, long levels may 
be obtained without incurring excessive expense. The en- 
gineer will have to examine the ranges of high lands that 
are to be crossed, and whether adjacent ones can be con- 
nected, by long summit levels, which will diminish the diffi- 
culties in supplying the canal with water, as every junction 
of summits saves the water of two lockages. 

It supplies, besides, so many more points where the canal 
may be supplied with water from springs and rivulets above 
its level. 

A benefit arising from these long canal levels is often the 
bringing together of several locks, which enables them to be 
more effectually looked after, better worked, and more econo- 
mically kept in repair; this often obviates great waste of 
water, and saves the expense of erecting lock-houses. 

When the declivity of the country runs transversely to the 
course of the canal or watercourse — which will generally be 
the case along the sides of hills, at an elevation above the 
irregular ground at their feet — in those situations, the great 
faUs, or inclined planes, may be made at the fork of rivers. 
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SO that the upper levels may branch up the valleys, and 
increase the communication or distribution of water. 

The advantages of being able to conduct a canal, or aque- 
duct, upon watertight strata, instead of rocky and porous 
soils, without losing sight of other important considerations, 
is necessarily self-evident ; the examination therefore of the 
strata, more particularly where we expect to be in cutting, is 
of greater importance than even in railways. 

The summit level being traced, it will be time to look for 
the place where there should be a fall for two or more locks ; 
the level of this fall being marked, it is to be traced, until 
an opportunity occurs, for a couple more locks, or one, if 
it is unavoidable. 

The places of the diflFerent sets of locks, and the line 
between them being adjusted, the level is traced on, until an 
obstacle presents itself ; this may be a total change in the 
course of the valley the line was pursuing, so as to render it 
necessary to begin to mount another valley towards a new 
summit. 

It may happen, in tracing such an outline, in case of a 
change of the direction of the vaUey rendering it necessary 
to leave it, that some other valley may be at no great dis- 
tance, into which the canal must be conveyed by a tunnel or 
deep cutting. 

Now, in order to render this more practicable, it may be 
necessary to retrace our steps, and deviate the back line to a 
new and much higher level, by leaving out one or more of 
the locks and so avoid a tunnel, or at any rate very much 
shorten it. Supposing we have now got into the new valley, 
the same course is to be repeated until another change in 
the main direction is necessitated, when we may have to 
ascend a new vaUey or plane to a new summit. 

To the new summit it will be requisite to proceed, and 
after settling the height of the summit level, and taking 
aU the necessary steps for ascertaining the supply of water, 
and other circumstances of this summit, the levels may be 
traced from this summit downwards, working backwards or 
up again, as often as obstacles may render it necessary, 
until the former work in the valley is met, and a proper 
junction of them contrived. 

For explore surveys, these levels are of course conducted 
with the utmost possible rapidity ; enough has been said to 
explain this fully, for it will be seen that in our first ex- 
aminations, without any levels, we may have to go over 
nearly the same ground several times. 

Watercourses, and all traces of them, pursued to their 

I 2 
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Bnmmits, where they originate, or point out the first de- 
pressions of the valley to which the stream is making its 
way, are generally our best guides in finding the lowest 
passes in mountainous and hilly districts. 

Hills very frequently run in chains, or ^ backbones,' as they 
are often termed. We also meet them in groups, or isolated, 
when they certainly give us less trouble, because we can 
generally run away from them more or less, and get round ; 
we say generally, because where the groups are frequent 
and close, and we have to make our way amongst them, 
it oft«n leads to heavy works in getting from one to the 
other, unless the levels are closely studied, and the highest 
parts of valleys, accessible by curves, are carefully sought 
after. 

In hills and mountains, which occur in chains, we have 
ofben to face them, and seek out their weak points. It is in 
volcanic countries this usually gives us the most trouble, 
because the high ground starts suddenly and abruptly out of 
the plains. 

It is in such circumstances, and particularly in countries 
covered with thick wood and jungle, that we find the value 
of tracing watercourses, on either side of the range ; they 
will give us those points where the lowest levels occur, along 
the flanks of the chain, and between the projecting spurs. 

In seeking the lowest level, the descending water has 
adopted the line of greatest slope. In tracing this lowest 
level, upwards, we may find that, as an actual stream, it 
has disappeared, particularly in hot weather^ — we may even 
get beyond the range of the dried-up water-channel ; but 
we may come to some swampy or soft places here and there, 
where we may notice a change in the vegetation, and we 
may often follow up, even to the original source in some 
wooded flank, by traces of moisture, which may be more 
particularly evidenced by the more rank vegetation of the 
undergrowth. 

We may also observe that, supposing for instance we 
have determined on crossing a stream at a given point, 
and that we are aware a parallel stream occurs farther along 
the chain of hills, we know that we shall, more or less, 
have to contour back on the spur, in order to get across 
the ridge intervening between the streams. 

We also know that if we are endeavouring to cross the 
summit of the chain at some point, either by a tunnel or 
cutting, we must cross the next stream at a higher level 
than the first, so that any trial levels traced up such streams 
are valuable guides. 
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It is generally at a bend in the stream, or a little above the 
junction of branches, if these occur, that we shall find the 
best pass. 

When in a hilly country, or in an irregular and broken 
valley, it is usually by pursuing the track of the most im- 
portant brook, or that branch of it which has the longest 
course, that we shall find out the lowest pass. 

If along the opposite flanks of a chain of hills we can 
trace, towards the summits, signs of watercourses, we shall 
find passes ; and, generally, if we can trace several of these, 
we shall find that the most important will point out the 
lowest of these passes, because it is fed by a greater area of 
watershed, or because of some very sudden depression. 

Such indications as the above, and the tracks taken by the 
native traffic, carried by camels or mules, are generally the 
safest guides for our first explorations. 

It is to such points as these that the first levelling opera- 
tions should be conducted ; nor is it absolutely necessary, in 
taking such trial levels, that we should ascertain everything 
by means of the levelling-staff. We may often take a sight 
to some distance across a small valley, selecting some distinct 
object on the other side, such as a large tree, or lump of rock. 
The depth of an intervening space may fi'equently be arrived 
at, by seeing where the line of sight intersects any tall tree, 
if there be any, and, on our road afterwards, measuring its 
height by means of a tape. 

To be particular about a few feet, in matters of exploring 
the levels of a district, very often leads to a wretched waste 
of time ; the engineering surveyor may often have to go over 
a great extent of countiy, in a very short space of time, and 
without any other assistance than that of a gang of native 
labourers. If he selects a line at haphazard, and regularly 
levels over it in the orthodox manner, he may afterwards have 
to regret that he has found a very bad line. If, on the con- 
trary, the weak points of a chain of hills are first of all 
found out, and approximate levels obtained, he will be in a 
very much better position to trace a favourable line of 
section. 

It is only when wp happen to find a long, flat, and un- 
broken slope, along a chain of hills, that we can safely 
venture to creep up obliquely at once. Where the general 
line of slope is broken by numerous spurs, projecting more 
or less into the plains, it requires some preliminary rough 
study of comparatively highest and lowest points. 

In such districts the high grounds rise and fall suddenly 
from some 50 to 150 feet, and it is of importance to 
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know the intermediate levels and gain some information 
about the natural slopes of the hills and the intervening 
valleys. 

Even when a line has been roughly selected by means of 
natural traces of levels, such as watercourses, or existing 
lines of traffic, it is almost always necessary to obtain some 
levels, four or five hundred yards or more on each side. 

Running trial lines with the level, under such circum- 
stances, or taking numerous cross-sections with the same 
instrument, is simply endless work, if anything effectual is 
to be done. 

If, on the other hand, we adopt the means of getting at 
levels by means of angles of inclinations, and malang use of 
tables for reducing to verticals and horizontals,* we may get 
over an enormous space of country; very often without 
moving from one Une, but by observing right and left, with 
a stafiholder on either side, to whom instructions have been 
previously given, as to the spots they are to go to, we take 
a number of angles of elevation and depression ; we have 
only to book these, and get the distances chained, to obtain 
all we require in the field ; and we may here observe that 
a micrometer in the telescope of the theodolite will save 
the trouble of chaining. 

We are fally aware that this may not give perfect accuracy 
in measuring, though we know that on many occasions it is 
better than rough chaining. But even supposing the chaining 
is wrong to the extent of two feet in every 100-feet chain, 
the error will not extend to two feet difference of level in a 
length of five hundred feet. 

The following account of some operations in Indian En- 
gineering will point out that we are by no means singular in 
advocating this plan of proceeding for rough levels of ap- 
proximations : — 

The labour of tracing a mountain road through thick 
jungle, and over really rough broken ground, is greater 
than that expended in the actual laying out of the sheer 
descent of the ghaut itself; but it requires not a little scien- 
tific experience to pitch upon a general line for the latter, 
that wUl give scope for running a trace at a fixed gradient 
of 1 in 20, without having recourse to the clumsy expedient 
of zigzags. Either a deep ravine or valley should be sought, 
up whose flank the road may be carried ; or a long spur or 
series of spurs, round and about which it may wind, should 
be chosen : and where such formation can be found, a com- 

* For a set of tables for this purpose, see the * Engineer's Field Book/ second 
edition, 1867. (Lockwood and Co.) 
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bination of both features is best. Much deliberation and 
care have to be exercised at the outset, in judging by the eye 
of the practicability of the site chosen for the descent. 

The jungle is so close in North Canara, that a trial tra<3e 
cannot well be inin without great loss of time and useless 
expenditure of labour; all which is saved by having the 
ground reconnoitred by an experienced engineer, who, with 
the help of the aneroid barometer, can pretty accurately 
settle the question. 

The head of the ghaut is usually a fixed point ; and if it 
is not left open to doubt that it must be adopted in any case, 
the tracer may commence his line, working downwards, 
wherever his levelling-staJBF carries him, recollecting he must 
ease off his slope a little when turning comers, and must 
cross all streams at a dead level. 

Once he has started, it is impossible to lay down fixed 
rules for his guidance, and there is frequently an ample field 
for the display of ingenuity and talent before he I'eaches the 
level ground beneath ; in truth, to pilot his instrument 
through the Canara forest calls for the involuntary applica- 
tion of not a few principles of inductive philosophy. 

For such work, in such a country, it may be imagined the 
common spirit-level is eminently unsuited. Weighty to carry, 
and cumbrous to -set up in position, where the operator can 
barely find room to stand, and where a clear prospect of 
even a dozen yards in front of him is not to be obtained 
without felling the scrub which hinders advance and obstructs 
the views, its use has been wisely discarded in Malabar and 
Canara. 

The instrument employed is what is known as the Gunner's 
quadrant or level for setting mortars at their proper angle, 
modified a little. The long bar is fitted with sights at eiiiier 
end, and has a universal joint screwed on at its centre. 

The quadrant is reversed from the position it occupies in 
the mortar quadrant, having the arc turned inwards and the 
radius outwards towards the tracer. An armature, bearing a 
small spirit-level at its side and a vernier to read minutes at 
one end, works on the arc, which, to enable the level to be 
used for tracing either up or down hill without reversion, 
has an excess arc of some 50° on the upper side of its zero 
point. Seeing that an angle of 3° corresponds to slope of 
1 in 20, an arc of 90** is considerably in excess of the angular 
accommodation necessary in tracing roads ; and Messrs. 
Elliott Brothers might with advantage curtail this over- 
balancing appendage; they might also put the spirit-level 
in permanent adjustment. 



s 



120 THE TRACING QUADRANT. 

The tracing quadrant is fixed to a light stick, shod with 
iron, of a length sufficient to bring the pin-hole of the sight 
within easy £stance of the eye. The stick should not ter- 
minate in a point, or the levels wiU be vitiated. Its base 
ought to be about one inch and a half in diameter. 

The forward staff is rather longer than the foregoing, but 
has affixed vane, painted white, whose centre is exactly the 
same height from the ground as the pin-hole of the quadrant 
sight. The centre is denoted by a dot in the middle of a 
black horizontal line. 

Furnished with this simple instrumental equipment, and 
accompanied by an intelligent man to hold the staff, a goodly 
lot of pegs, and half a dozen active men with billhooks, the 
tracer begins his toils. 

Having set his arc, the staffholder is sent on 50 feet or 
so, along a path rapidly cleared by the woodsmen aforesaid, 
and moved by hand-waving till the crosshairs and vane-spot 
coincide, he using one eye to catch the vane and the other 
to observe the bubble simultaneously. Thus peg after peg is 
driven, and the trace proceeds with a rapidity proportional 
to the clearness of the ground and the necessity for pre- 
liminary examination. 

It is a great advantage to have the pegs as close to one 
another as possible ; for the more there are, the less risk is 
there of the true slope being lost when the excavation com- 
mences ; a beginner is apt to put in too few rather than too 
many. 

A party of fifty labourers follow on the heels of the tracer 
to open out a bridle-path a yard wide. 

The pegs thus laid down are on the centre line of the 
future road, and when opening the gauge path the labourers 
are carefiil to stretch a strong line from peg to peg, by 
means of which the gradient is rigidly worked to. Before 
excavating, an upper row of temporary pegs, three feet higher 
up the hillside than the centre pegs, is inserted to denote 
the edge of the cutting in a like manner with the aid of 
string. If all these precautions are attended to, an even 
path upwards of a yard wide is speedily formed, and the 
slopes are preserved for ever. 

If nothing farther is done to it, this path itself is often an 
immense accommodation to both men and animals ; while it 
enables the engineer to see his way much more clearly than 
if he had to grope through the jungle without so safe a 
guide. 

Any improvement in direction which suggests itself is 
staked out after a thorough examination of the trace, and it 
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is not seldom that the adoption of a deviation here and there 
is advisable. A road, it has been mentioned before, through 
the hilly district of Canara, is more troublesome to trace than 
the incline of a ghaut. This is due to the difficulty of deter- 
mining by the eye alone how particular features had best be 
dealt with, and it requires a great deal of care and practice 
to escape committing mistakes in choice of gradients, and 
thereby losing both time and temper from being obliged to 
do work twice over. As a general rule, the saddles over 
which the road must go are first inspected; and it often 
happens that a small depth of cutting at the top will enable 
them to be crossed without exceeding the limit cf 1 in 20 ; 
then the most suitable sites for bridges are roughly fixed, 
and after these observations are taken, the bridle-path is 
levelled in to the best of the tracer's ability and judgment. 
On moderately flat ground, when it is certain all the slopes 
are within 1 in 20, the instrument need not be used, but the 
line is ranged as straight as possible, the ground to a suffi- 
cient width on either side is cleared, and the side ditches are 
staked out and excavated at once, enclosing the full width of 
the road between them. It has been customary in Canara 
to widen the 3-feet trace to the width of 12 feet the first 
season, as doing so permits pack-buUocks or even a single 
cart to pass along. The surface of the road inclines outwards 
slightly to let the water run off, and no drain is allowed to 
be put on the inner side. There is, however, a cheek or 
intercepting channel, 18 inches broad and deep, cut some 
30 feet above the road, discharging across it at convenient 
spots. 

The reader cannot fail to perceive that, under such circum- 
stances as those just described, an enormous amount of 
labour is required, merely to clear the track for the observer. 
Consequently the progress must evidently be slow ; the state 
of the ground to be gone over leaves, however, no alternative, 
because the works have to be set out, approximately, step by 
step. 

This is not always the case, and very often, indeed, all 
that we require in surveying through such countries is the 
length from point to point where a line of survey bends. 
Very frequently this cutting of tracks may be avoided in 
hilly or undulating ground by having recourse to a little field- 
work trigonometiy, where we meet with some slight clearing 
on high grounds. 

Great loss of time, to say nothing of waste of labour, in 
cutting tracks, which consumes a wonderfdl amount of hard 
work, might be saved by adopting the application of some 
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of the problems, whicli we have pointed out in a former 
chapter : not only would there be a saving in both of the 
above respects, but more accurate results would be obtained ; 
for it is needless to observe that chaining under the condi- 
tions above described is never particnlarly accurate, unless 
we are actually setting out work. 

As observed above, nothing but length from point to point 
is required ; we have no offsetting, no fencing, no division of 
property ; the land is mere waste ; a stream in a hollow is 
all we may expect to find ; very often indeed, we admit not 
always, the measurement of a short line, with one or two 
instrumental observations, and one or two short calculations, 
would in one hour give aU we require. 

By the ordinary way of proceeding, that is chaining chain 
by chain, the work occupies at least a whole day, of trying 
work to the surveyor, and very distressing labour to his men, 
utterly without necessity. ^ 

It is only after experience, under such conditions, that the 
engineering surveyor becomes reaUy and practicaUy ac- 
quainted with what we have just described; only a very 
faint notion can be given by description ; we would, however, 
advise the reader to think over our suggestions. 
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CHAPTEE IX. 

TRAVERSE SURVEYING. 

DEFINITION OF TRAYEBSE SURVEYINGI — ACCURACY OF THE SYSTEM — 
EXAMPLES OF A TRAVERSE, AND OF PLOTTING BY TABLES. 

Traverse surveying is a term applied where we adopt such 
a system as that shown at fig. 49. 

When the angles and sides of any polygon, or many-sided 
figure, are measured in this manner, it is called a traverse ; 
it is a system of sirnreying, which is in distinction, and 
we might almost say in opposition, to surveying by a system 
of triangles, into which the area to be surveyed is then 
cut up. 

Strictly speaking, however, a traverse survey should be 
plotted by Traverse Tables, which are nothing more or less 
than multiples of the natural sines and cosines. 

If we take the figure shown at 49, or any other whatever 
in any way alike, and draw verticals and horizontals, through 
the points 1, 2, 3, 4, 5, &c., we shall describe so many sines 
and cosines to each of the angles made by the chain-lines 
with the magnetic and mth the East and West ; the sines 
will be, as it were, portions of the magnetic north and south 
line passing through the station, and the cosines will be those 
portions of the east and west lines intercepted between the 
station and the line or vertical dropped from the next 
station. 

These lines are called northings and southings and east- 
ings and westings, the former being the sines and the latter 
the cosines. 

In any figure whatever, regular or irregular, as abgb in 
fig. 51, or A, hy k, Z, m, c, e, /, &c., the southings are equal 
to the northings, and the eastings are equal to the westings ; 
that is to say, that in going round it, we go as far north as we 
do south, and as far east as we do west ; the circuit of the 
circle, or of the square, as well as of the above very irregular 
polygon, are sufficient to prove this. 

In fig. 52, let abce be a portion of a regular octagon, 
which we propose to traverse. 
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Let AN be the magnetic nortli; zero, on the horizontal 
limb of the theodolite, is made to coincide exactly with the 
needle ; in the next place the angle nab is taken, which will 
be 22° 30' ; 90° minus 22° 30^ equal to 67° 30', equal to the 
angle bap, to which bp is the sine or departure, and af the 
cosine or latitude. 

Now in the regular octagon, each of the angles at the cir- 
cumference, that is the angles a, b, c, &c., is equal to 135° ; 
the intersecting angles at b equal to 360°, are made up of abd 
equal to 180°, plus abo equal to 135°, and dbg, which will be 
equal to 45°. It will be the same thing of coarse at c, and 
E, &c., as in the regular octagon all the angles at the cir- 
cumference are equal to each other. 

"We will now return to the theodolite, which we have left 
all clamped, and reading 22° 30' ; the length ab being mea- 
sured, the instrument is to be removed to station b, and 
there set up and levelled. The instrument being correctly 
placed at b, we now bring the reading 22° 30', or rather the 
opposite reading on the limb, to bear exactly on point a, 
where a pole is supposed to be held up, care however being 
taken that the intersection of the crosshairs shall be exactly 
on the foot of the pole, whilst the vernier, as last fixed on the 
limb, remains un<Usturbed. "We have already explained how 
this is eflfected. 

"We now bring the instrument to bear on c ; the reading 
will be 247° 30'. The length bo being measured, the instru- 
ment is removed to o, where it is to be set up. The reading 
on the limb here, after the vernier plate has been turned from 
b round to e, will be 112° 30'. 

Let it now be observed that the reading at b was 247° 30' ; 
this deducted from 270° leaves 22° 30', for the angle cbl, 
of which OL is the sine or departure in the tables,^ and bl 
the cosine, or the latitude; the reading at c was 112° 30', 
deducting this from 180°, leaves 67° 30', of which le is the 
sine or departure, and l o the cosine or latitude. 

As a general rule, when the reading is less than 90°, 
subtract the reading on the theodolite fi'om 90°, which will 
leave the angle required. When the reading on the in- 
strument exceeds 90°, and less than 180°, subtract the 
reading from 180°, which will give the angle required ; when 
exceeding 180°, and less than 270°, subtract the reading from 
270° ; and in the like manner, when the reading is above 270° 
and under 360°, subtract from 360°, and the remainder will 
give the angle required. 

* See the Traverse Tables in the 'Engineer's, Mining Surveyor's, and Con- 
tractor's Field Book.' (Lockwood and Co.) 
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In the practice of traverse snrveying we always make the 
reading 5', 10^, or 15', &c., according to convenience, by 
moving the poles, or making onr marks on walls, &c., a 
little to the right or left ; this will be found a great practical 
advantage, inasmuch as it does away with aU fiuctions of 
minutes, and increases the clearness of reading — a matter of 
the greatest importance in traverse surveying, for the special 
purposes we are now considering. It is to be observed that 
in the usual practice of traverse surveying, we measure the 
sides and angles round any polygonal figure, regular or 
irregular, and that in doing so we go as far north as we do 
south, and as far east as we do west, and that, consequently, 
the * southings' are equal to the ^northings,' and that *east- 
ings' are equal to the ^westings/ 

Now the differences of latitudes, or the northings and 
southings of any line, are the distances that the ends of 
lines measured round any polygon are north or south of the 
other ends. 

The * eastings ' or * westings,' or departures of any lines, are 
the perpendicular distances from one end of the lines to a 
meridian passing through the other end, the meridians being 
parallel Imes supposed to pass through every station on a 
survey. 

In any polygon, regular or irregular, the sum of all the 
interior angles is equal to twice as many right angles as the 
figure has sides, less four right angles. As observed above, 
and as may be seen by referring to the figure 62, whether 
we consider the regular octagon or the circle in going round 
the polygon, we go as far north as south, and as far east as 
west ; therefore, when we reduce the northings and southings 
of all the lines from the Tables of DiflFerence of Latitude, and, 
similarly, when we reduce the eastings and westings of all the 
lines from the Tables of Departures, we at once have proof 
of the accuracy of the work, since the northings will be equal 
to the southings and the eastings equal to the westings, if 
the chaining has been correctly done. 

In the same manner, we shall have proof of the angles 
having been correctly measured, because all the interior 
angles of the polygon will be equal to twice as many right 
angles as the figure has sides, less four right angles, or 860**, 
if the theodolite has been correctly used. There will, how- 
ever, generally be some two or three minutes' difference, even 
with the most careful work, unless some particular plan be 
adopted, such as that which has been mentioned above, of 
making the readings h\ 10', or 15', &c., by making our marks 
accordingly. In the description of work to which we have 
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been more particularly referring, a difference of two or three 
minutes might be of considerable importance; at least 
for a working survey amongst buildings we should object to 
it, and the more so that it may be avoided ; but in country 
surveying, or where looking for such minute accuracy would 
be loss of time, it is usual to divide the difference or error 
over the whole work. 

As to the care necessary for town-land surveys, we will 
only point out that the mistake of a foot may be of far greater 
importance than a foot error in a cutting or embankment on 
an ordinary section, for in this last case it would only 
involve some difference as to a greater or less quantity of 
earthwork ; but, serious as such a blunder would be, it would 
be trifling compared to the setting out works, so that any 
portion of them might fall a foot within instead of outside of 
a buUding. 

The engineer who has had to set out works through ground 
thickly covered with buildings, knows all the importance of 
a correct plan for such purposes. 

It is very often by ground plans alone that the lines of work- 
ing plans are determined— often, indeed, there are no other 
means of doing it ; and not only important and often very ex- 
pensive workmg drawings are got out entirely according to 
surveys, and become valueless if these surveys or plans are in- 
correct, but very great difficulties arise otherwise. Some con- 
siderable length of curvCj or straight line, may be laid down 
on a plan drawn to a large working scale, and properties may 
be purchased in portions only, and not consecutively along the 
line, because there may be some cause of delay ; indeed, this 
is a circumstance constantly arising. The works may thus be 
set out on the ground, and actually commenced, under the 
guidance of plans only ; but if the plans (we mean the ground- 
plansy and not the working drawings) are incorrect, then the 
lines will have been incorrectly set ojit on the ground, and very 
serious consequences mayresrdt. The lines maybe thuslaidout 
so as to intersect buildings which it was not contemplated 
to touch, and which we may not even have power to interfere 
with. When a mass of buildings intervenes between works 
commenced in two different places along a line, particularly 
if on a curve, it is often very difficult to check, satisfactorily, 
work set out from ground-plans only. This kind of opera- 
tion is, of course, very different to setting-out work in the open 
countiy ; but even here, when we are setting-out heavy works 
(interfering with rivers, for instance), errors, arising from the 
ground-plans being wrong, may be very awkward to rectify, 
and may involve that which was never contemplated, to say 
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nothing of all the trouble and anxiety wliich are sure to be 
incnrred, more particularly by the unhappy surveyor himself. 
It is worth -while to enquire whether all such mischances 
may not, generally, be avoided almost entirely. 

We believe that, very often, it is the ordinary system of 
plotting which is at fault. If the ground is well traversed, 
or triangulated with a good theodolite, and the lines carefully 
chained, this part of the work must be satisfactory ; but we 
do not consider as equally satisfactory the means usually 
employed for laying down the direction of the lines on paper — 
lines that may be from one foot to two or three feet in length, 
and perhaps ten or twelve feet apart on the plan ; we mean 
more particularly as regards the angles, and not liie lengths 
of the lines, which merely depends upon carefiilly using a 
good scale. 

Unless when we set off angles by means of chords and 
beam-compasses, the protraction of angles is done by means 
of the protractor, perfect enough within certain limits, as we 
may observe also of the large parallels used for carrying 
from station to station the lines laid down with the pro- 
tractor. For all ordinary purposes this is satisfactory, 
though far more troublesome than a more simple way of 
doing the work ; for important surveys, plotted to a large 
scale, for the construction of works, we are satisfied that better 
means, more simple, and much easier, may be adopted, and 
wliich, besides a Uttle simple calculation, require nothing but a 
straight edge and a good set square. "With the exception of a 
few very short additions, the work is done entirely by tables ; 
exactly the same amount of accuracy may be obtained as in 
plotting the levels of a section ; every engineering surveyor 
will admit, that this is hardly te be obtained by the usual mode 
of plotting surveys. 

EXAMPLES OP A TRAVERSE, AND OP PLOTTING BY TABLES. 

The sketeh of a plan, fig. 52a, shows a traverse run 
by the banks of a river : a, b, c, d, &c. are the angles by 
means of which the work is reduced and plotted, in combi- 
nation with the length of the chain-lines, which are shown 
by fall straight lines, on wliich the length of chainage is 
entered. 

We have already explained how the notation of each of 
these angles is obtained from the field notes. At a, for 
instance, the reading of the theodolite was 50**, which de- 
ducted from 90** gave 40** ; at b, by subtraction, we get 80** ; 
and similarly, right through liie figure, by deducting the 
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theodolite reading from 90°, 180% 270°, or 360% we get each 
of the angles a, b, c, d, &c. This has been fully gone into 
Tinder the head of * Practical Examples of Surveying with 
the Theodolite,' as also in what we have already written in 
this chapter. 

Having booked all the angles and lengths in the following 
manner: — 

Angles Length of Course Feet 

A =40° 0' 1,000 

B=80° 0' 900 

= 36° 20' 820 

D=25° 10' 1,420 

E = 70° 40' 1,010 

p=;:43° 20' 1,140 

G=50° 50' 2,030 

H==30° 0' 820 

1=85° 45' 1,745 

we may enter the Traverse Tables already referred to,^ 
and from which we obtain all our data for plotting, without 
any further trouble than the moving of a decimal point to 
the right or left. 

"We have, first, the angle a equal to 40°, and a chainage of 
1,000 feet. At p. 104, we have Table of Latitudes, or Hori- 
zontal Distances for Differences of Level for 40° and upwards, up 
to 41°, and for 10, 20, 30, &c. up to 100 feet ; at p. 105, we have 
a similar Table of Departures, or Differences of Level. At 
present we have only to do with the Latitudes and Departures, 
as the Horizontal Distances &c., and the Differences of Levels, 
refer to plotting sections when the levels have been taken 
by angles of inclination. It will be seen, presently, that in 
plotting a traverse by means of the tables, it is convenient 
to have the other application of such tables in view. 

"We now proceed with the work : for 40°, and under column 
100, p. 104, we have 76*604 for the latitude due to 100 feet; 
then, if we remove the decimal point one figure to our right, 
we shall have 766*04 equals the latitude for 1,000 feet and 
40°. This length of 766 feet is shown at a i on the plane of 
latitude at the base of the survey. 

"We now want the departure, or vertical ; at p. 105, cor- 
responding to 40°, and under column ^ 100 feet,' we have 
64*280. Removing, in the same manner as above, the decimal 
point one figure to the right, we have 642*8 (which we shall 
call 643), which will give i b ; and a line drawn from a to b 

* *The Engineer's, Mining Surveyor's, and Contractor's Field Book,' second 
edition. (Lockwood and Co., 7 Stationers' Hall Court, Ludgate Hill.) 
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will be exactly 1,000 feet long, according to scale, at 
an angle of 40° with the plane of latitude at the base of the 
traverse. The next angle is b, equal to 80°, the chainage 
being 900 feet ; at p. 43, and commencing at the bottom 
of the page, we have for 80°, and for 90 feet, 15*628 for 
latitude, and removing the decimal point one figure to our 
right, we have it for 900 feet, equal to 156*28 feet. Similarly 
in the p. 42, beginning again at the bottom of the page, for 
departure for 80° and 90 feet,, we have 88*633, and therefore 
886 feet for 900 feet ; 156 is shown at Bfe, and 886 at he. 

Our next angle is 35° 20', and the chainage is 820 feet. 
At pp. 94 and 95, we have the latitudes and departures com- 
mencing from the top of the pages ; on the fifth line of the 
latitude page and under column 80, we have 65*264 ; then by 
removing the decimal point one figure to the right as before, 
we get 652*64 for 800 feet, and for 20 feet we have 16*316, 
and therefore 652*64+ 16*316;= 668*95, or 669 feet for cc ; at 
p. 95, beginning from the top, we have for departures, 
46*266 under column 80 feet, which will give 462*66 for 800 
feet, and for 20 feet we get 11*567, which, added to the last 
quantity, gives 474*227 feet for the departure cd. 

For angle d we have 25° 10' and for chainage we have 
1420 ; at p. 74 we have the latitudes, and at p. 75 we have 
the departures, beginning in each case from the top of the 
page. 

For latitudes, we have for 100 feet, 90*507 = 905*07 for 1000 feet 
And for 40 feet, we have 36-203 feet . => 362*03 „ 400 „ 
And for 20 feet^ we have .... 18101 „ 20 „ 

1285*201 „ 1420 „ 

and therefore for J)d we have 1285 feet. 

At p. 75, beginning at top, we have for departures, 

For 100 feet 42*526 . . . . = 425*25 for 1000 feet 
And for 40 feet 17*010 . . . . = 170*10 „ 400 „ 
And we have 8*606 „ 20 
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603*856 „ 1420 
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Neglecting decimals, we thus have 604 feet for dE. 

For the next angle e we have 70° 40', and chainage 
1010; at p. 63, beginning from the bottom, we have for 
latitudes. 

Feet 

For 100 feet 33*106 = 331*06 for 1000 feet 

And we have 3*311 „ 10 „ 

334*371 „ 1010 „ 

or 334 feet for Ee. 
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At p. 62, beginning from the bottom, we have for de- 
partures. 

Feet 
For 100 feet 94-361 . . . . « 94361 for 1000 feet 
And we have 9436 „ 10 „ 

953046 „ 1010 „ 

or 953 for ep. 

We have now angle p equal to 43° 20^ and chainage 1140 ; 
at p. 110, beginning from the top, our angle being under 45% 
we have for latitudes, 

Feet 
For 100 feet 72737 ....=: 72737 for 1000 feet 

And 72-73 „ 100 „ 

And 29095 „ 40 „ 

829-195 „ 1140 „ 

or 829 for p/. 

At p. Ill we find the departures, and we have 

Feet 

For 100 feet 68*624 ..... 686*24 for 1000 feet 

And 68-62 „ 100 

And 27-45 „ 40 

782-31 „ 1140 „ 

or 782 feet for/G. 

Tor angle G we have 60** 15' and 2030 feet for chainage. 
The angle being above 45** we shall have to begin from the 
bottom of the page. 

At p. 103, beginning thus at bottom, we have for latitudes. 

Feet 
For 20 feet 12-789 . . . . = 12789 for 2000 feet 
And 19183 „ 30 „ 

1298083 ,, 2030 „ 

or 1298 for ag. 

At p. 102, beginning at bottom, we have for departures. 

Feet 
For 20 feet 15377 . . . . « 15377 for 2000 feet 
And 23065 „ 30 „ 

1560-765 „ 2030 „ 

or 1661 for grH. 

For the angle H we have 30** and 820 feet for chainage, and 
at p. 84 we have the latitudes, and at p. 85 the departures, 
in both, working from the top ; for latitudes we have 

Feet 
For 80 feet 69-282 . . . . « 69282 for 800 feet 
And 17-32 „ 20 „ 

710-14 „ 820 „ 

or 710 feet for hA. 

In the same manner we get 410 for hi. 

For the angle i we have 85** 45^ and for chainage 1 745 
feet. 
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At p. 33, beginning from the bottom, we have for latitudes. 

For 100 feet 7*411 . . . . = 74-11 for 1000 feet 

For 70 feet 5188 = 61-88 „ 700 „ 

And 2-964 „ 40 „ 

And for 50 feet 3-760 . . . . « 0*375 „ 5 „ 



129-329 „ 1745 „ 

or 129 feet for li. 

At p. 32, beginning from the bottom, we have the de- 
partures. 

Feet 

For 100 feet 99-725 . . . . = 997*25 for 1000 feet 

For 70 feet 69-807 . . . . = 698-07 „ 700 „ 

And 39*89 „ 40 „ 

And for 60 feet 49*862 . . . . = 498 „ 5 „ 

174019 „ 1745 „ 

or 1740 feet for i k, which terminates the work. 

It will be evident that all the departures may be plotted 
from the plane of latitude in the same manner as we plot a 
section from a datum line, and similarly that were it more 
convenient the latitudes might all be plotted from the plane 
of the meridian. 

It will be seen that the departure iii d is made up of 
643 + 886 4- 474 = 2003, and that IV E=i II D- 604 =1399, and 
that we shall have constantly plus and minus just as we have 
rise and fall in a section. 

Before commencing to plot an extensive traverse, we plot 
to a very small scale with a protractor, this is very quickly 
done, and answers the purpose of a guide, it being well to 
remember that the departures are all sines of the angles and 
that the latitudes are all cosines. 

The observations we have made in previous pages, as to 
the northings being equal to the southings, and the eastings 
to the westings, as also that with re^rd to the interior 
angles of the polygon, apply only to those traverses which 
consist of a complete circuit of any polygon. 
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CHAPTER X. 

HARBOUR AND COAST SURVEYING. 

OBSERVATIONS OFF SHORE — SETTING OUT BASES — TAKING SOUNDINGS 

TIDAL CURRENTS — REDUCING SOUNDINGS — TIDAL OBSERVATIONS — TEST- 
ING HOLDING GROUND. 

The following are amongst the requirements of a good har- 
bour : — Easy access and facilities for working in or out. 
Shelter and security for vessels to ride at anchor, and without 
danger of their being driven one against the other ; as large 
an area of deep water as can be obtained at the minimum 
cost ; a good beaching ground for disabled vessels ; good 
holding ground, which requires sufficient tenacity in the soil 
at the bottom of the harbour to bring up a vessel entering 
the harbour when the wind is blowing hard. 

In our survey, therefore, we require a plan of the coast, 
information as to prevailing winds, as to the depths of water 
all over the proposed site of the works, the nature of the 
ground and the set of currents and tides, and the rise and fall 
of the latter at spring and neap tides ; we also have to show 
the areas of water at various depths. 

We must also examine the nature of the materials on the 
ground, as, for instance, stone in the cliffs ; its qualities ; how 
much bearing there is, that is how much earth there is to be 
taken off before we can get at it, as tliis is often an important 
element of cost ; we must obtain information as to materials 
in the neighbourhood. 

As regards stone we must examine whether it is sandstone, 
limestone, basalt, granite, &c. ; how it blasts and quarries ; 
how it bears the action of the sea ; whether it is laminated. 
We must look to the shingle and sand for making concrete, 
and beton blocks. We must ascertain what portions of the 
holding ground are good or bad, and what area we can have 
of the former, and how much of the latter may be improved 
by breaking-up or removing boulders, &c. ; how much we 
have of clay, sand, or gravel bottom. 

One of our first operations will be, probably, to make a 
survey of the outline of the coast ; this may be done in the 
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manner we have explained as regards ordinary surveying; 
we should, however, keep in mind the importance of our 
principal stations being points for observation out at sea; 
unless indeed we have very lofty cliflPs, and even then we must 
remember that the lines on the cliffs will require connecting 
with the lines on the foreshore. 

Many of these lines may be measured by observation and 
calculation, which on coast surveys of any extent saves an 
immense deal of laborious chaining. The importance of 
stations on the coast must not be underrated ; some slight 
error, apparently quite venal on the land, may occasion very 
grave errors when observations are taken on such stations at 
any distance out at sea. 

When our work lies by a large town, we should carefully 
determine the position of such principal buildings as may be 
seen out at sea ; it is by no means always safe to trust to 
existing maps on such subjects. To check such a map, it is 
very simple to measure a short base on the highest convenient 
spot of ground, and take a few observations on the buildings 
from both ends of the base and from the centre of it ; a few 
calculations such as those we have already explained under 
the head of ^ Practical Trigonometry ' will soon settle the 
matter. When this is not convenient, it is a short affair to 
traverse from one building to the other. 

We may now come to the matter of taking observations at 
sea : for this purpose we must have certain bases accurately 
measured, and by means of these and observations made with 
the sextant, or box sextant, we determine the position of any 
spot oJ0F the shore where an angle has been taken. 

Where the shore is at all flat, that is to say where we have 
not very high abrupt cliffs, we may set out a base as ab, 
fig. 53. 

It is of the greatest importance that the position of A and 
B should be accurately determined on the plan, or the posi- 
tions of 1, 2, 3, &c., where observations are made off the shore, 
or some two or three miles out at sea, will all be wrong. 

This point settled, we may set off at A, a line at right 
angles to ab, that is Aa, but in our figure A a is a very great 
deal too short. 

At Ad we require poles to be set up, by means of which 
the man at the oars may keep himself on the line a, 1, 2, 3, 
4, &c. Now we shall require to see these poles a couple of 
miles out at sea, perhaps more; we want something sub- 
stantial and plainly apparent a long way off. Fig. 53a is the 
top of a stout pole, about 15 feet high ; a, 6, c, is a bent 
wire with a ring at either end a, and c ; to this a red and 
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white flag is fastened ; however little wind there may be, it 
is almost always plainly visible. Sometimes, however, we 
may be going in the eye of the wind, and then the flag will 
be barely discernible every now and then. A piece of board, 
d, about 2^ feet long, may be nailed up to the pole, painted 
red and white ; or, if we are in a hurry about the matter, 
one half may be rubbed over with chalk, and the other with 
black lead. 

Fig. 54 is another description of pole top, which explains 
itself. 

At fig. 55 we give that which we prefer ; a, 6, c, are three 
stout iron wires, jointed together at a, where they are fixed 
through a hole to a spike in the top of the pole ; to these are 
secured three red and white triangular flags made of bunting, 
each of which is tacked down at the bottom to the flag-pole. 
These we have always found visible in any weather, and at 
very great distances ; let it be remembered that the more 
apparent these flagtops are, the more easily we get into line 
and take our observations. 

"We may now say a few words about buoys. Sir Edward 
Belcher recommends the following : 

A cask of 32 gallons is famished with double staves, and 
of greater width at bung and opposite, as well as double 
heaids. Holes are bored through the bung and opposite 
staves to admit of the passage of a spar of 3^ inches 
diameter. This spar, previously weU parcelled and tarred, 
is driven firmly home ; cleated to prevent its working out, 
and caulked roand the cleating. Three feet project on the 
longer end, and none on the smaller; the larger end is 
furnished with iron for a top-mast, which is 22 feet in 
length. Close to the cask, on the under side, a thimble is 
secured, through which the mooring cable passes, as well as 
one similar down at the lower end of the spar, to prevent 
chafe. Ballast equal to 2 cwt. is attached at three fathoms 
below the cask; they are moored taut in the line of the 
stream, have fall-sized bunting flags, and are found to stand 
bad weather well, and maintain an erect position in very 
strong currents and tides. 

Another description of buoy may be constructed, as at 
figs. 56 and 57 ; they may be made entirely out of a 3- 
inch plank ; about 3 feet deep and 2 feet square at top ; 
as nothing but a saw, a hanuner, and a few nails are re- 
quired to make them, they are very readily manufactured. 
On these we mount a flag-pole such as we have shown at 
fig. 55. 

We now return to fig. 53, and suppose flag-poles set up at 
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B and A, as also a, wliicli sliaU be plainly visible, and not 
mistaken for other objects. 

"We may now consider ourselves in our boat, with a man, 
or two men, if necessary, at the oars, and another for taking 
soundings. "We are provided with our box-sextant, our field- 
glasses, a note-book, ruled in columns, and a couple of 
pencils, in case of one going overboard. 

The man at the oars keeps himself in line by means of the 
poles at A, a, and ceases rowing when we tell him ; he then 
brings himself exactly on the line, whilst with the sextant 
we take the angle a1 b ; the other man takes the depth water 
with a sounding line. Both observations are booked in their 
proper columns, and the hour in a third column. The boatman 
rows on about eleven strokes, when we take another sounding, 
but no sextant observation ; two more soundings are taken in 
the same manner. 

The next time we take an angle a 2 b, sounding and time ; 
and so we proceed as far as we judge necessary. 

The following tablet explains the calculations which give 
the distances a1, a 2, a 3, a 4, &c. : — 







Natural 




Length of 




No. of the obe^xvation 


Angle 


Cotangent 




ba^ AB 
Feet 


Feet 


1 


. 60,010' 


0-57348 


X 


1000 


673-48 


2 


. 49,5 


0-86674 


X 


» 


866-74 


3 


. 40,10 


1-1847 


X 


>> 


1184-7 


7 


. 20,16 


2-7106 


X 


it 


.2710-6 


9 


. 17,23' 


3-1942 


X 


tf 


3194-3 



The last column gives the distances of the stations 1, 2, 3, 
&c. (when instrumental observations have been taken) from 
the point a. 

Observe now the points h and V; on a preconcerted signal 
being given from the boat, an assistant removes the two poles 
from A and a, to 6 and V, which have been previously set out, 
so that the length of base, 6 b, is also known. 

"We now row towards shore, taking the observations, 61b, 
6 2 B, 6 3 B, &c., just the same as we did on the last line. 

Several similar lines may be set out from base ba, until the 
base becomes too short to be trustworthy. "We obviate this 
by turning the sextant upside down, when a will become b, 
and B will become a, or may be made to answer the same 
purpose, which will do as well. 

Or we may set out the line a'b, and the lines AO, ad, ep, 
EG, in the same manner, but here we have no right angle. 

But the calculation is simple enough, being merely this ; 
fig. 58 :— 

As the sine of c is to ab. 

So is the sine of A to bo. 



A 
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Ab long aa the angle a remaiiiB constant, nhicb is the 
case as long as we keep on one line of soundings, and a b 
remains the same, we have 



Sine of 



Having once multiplied the sine of a by the side ab, we 
have only to divide by the sine 
( t each angle of observation to 
obtain BO, which set off from 
B with the beam compasses, 
hi t the point c. 

It is thus we obtain the 
p nils 1, 2, 3, in fig. 59 ; figs. 
60 and 61 are given to show 
Ibc difference between the two 
modes of calculation, by co- 
tan^, tnts in the one case and 
smes in the otber. 

Ibe manner in which the 
lines of soundings are com- 
piot* i, are shown as clearly as 
the\ can be explained in figs. 
5 J and 62. 

The angles niay be set out 
b> 1 1 jans of the station pointer 
uh^wn herewith, but we con- 
si Icr it much more trouble- 
s me ; it is used in the same 
manner as a protractor. 

The object of taking the 
time when the soundings are 
taken, is to reduce them to 
low-water spring-tides. For 
this purpose there should be a 
tide gauge, which an assistant 
should be kept observing. It 
is his bnsiness to note the rise 
and fall of the tide on this 
gauge, and to watch also the 
hoiira and minutes of the rise 
and fall. 

The depth of the soundings should be taken with the 
hand lead chain, such as that made by Elliott Brothers. 
It is divided into feet and short links. At the end of the 
chain is a leaden weight, about ten pounds ; it is of a lou<r 
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conical shape, with a hollow at the bottom which is filled 
with tallow, to which sand and small gravelly soil will stick. 
When the lead strikes against rock it will be bruised by 
the blow. If it is allowed to drag, and strikes against rocks 
or boulders, we shall know it by the jerks given to the chain, 
and it will be found cut when pulled up. Sextant obser- 
vations should be made at spots where this occurs, as in 
such places the diver will be required to make particular 
observations. 

The lead must not, however, be allowed to drag too 
loosely, or it will be apt to get entangled among the rocks, 
and perhaps stick fast. 

At fig. 63 we illustrate how the diver's track is shown on 
the survey. 

We take sextant observations at each of the spots where 
circles are shown. 

The following .notes made by Mr. Joseph Potts, Assoc. 
Inst. C.E., a Mend and late pupil of the author, give a sound 
practical method of observing the set and velocity of tidal 
currents. 

In many engineering works, such as the improvement of 
harbours and tidal rivers, construction of docks, reclamation 
of land fi:om the sea, and the determination of the position 
of outfalls for sewers, the determining of the set and rate of 
the tidal current is of the greatest importance, as on this 
point, and the obvious deductions therefi'om, will the success 
or failure of the project (whatever it may happen to be) to 
a very great extent depend. 

Proceeding, then, to the elucidation of our subject, we 
will first of all consider the float, the course or patii of 
which IS our principal concern. The float should be possessed 
of the following properties. With the greatest available depth 
and hold of water, it should have the least possible projec- 
tion above the surface, and at the same time be observable 
fi-om the greatest distance. These slightly anomalous con- 
ditions are, to a certain extent, reconciled in the one we have 
been accustomed to use, which is represented in the wood- 
cut in the next page, and may be described as follows : — 

Three pieces of teakwood, a, b, and c, are fastened to- 
gether by eight pieces of L-shaped iron, whiqh is best done 
by first riveting four of the irons to the piece marked c, the 
other four to b ; then putting c and b on their places on a, 
and riveting the whole together in the form of a cross, 3 feet 
deep and 16 inches across either of the arms. A piece of 
rod iron, about f th inch diameter and 20 inches long, is then 
driven 5 or 6 inches into the centre ; at the top is fastened a 
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■mall flag (half red, half white), about 10 inches long, taper- 
ing from 3 to 1 inch deep at the point ; above this, again, is 
a piece of tin, shaped as in the illostratMRi ; and, finally, a 
piece of aheet-lead, weighing abont 201be., is fastened to tJie 




bottom This in Bmootli w^ter will just bring the top of 
the cross level with the snrfiice and in a sea-way the top 
will generally be as much below as above the snrfece The 
small superficies of the rod tm and flag offer hardlj' any 
obstruction to the wind and by thtir means the float can 
readily be distinguished a thousand yards ofl' provided we 
have been carefid to observe the direction , then, by watch- 
ing for the glance of the tin in the rays of the Biin, we can 
easily find the float. 

With a float similar to the one just described, one of 
Captain Ueoi^'s, E.N., double sextants (with which the two 
angles, subtended by any three objects, may be taken with 
nearly the same facility as a single angle), and a station 
pointer, there would be nothing left to desire ; but frequently 
the instruments just named are not at hand, and in their 
places we have merely a ship's compass and common sex- 
tant. Even these, when they can be used together, give very 
reliable results, as the sextant can be used as a check by 
taking the angle subtended by the objects to which the mag- 
netic bearings are taken, then, by reducing the number of 
points between the bearings into degrees, it will at once be 
seen if the one agrees with the other ; for instance, if one 
object bears h and the other nw, as there are 11° 15' to each 
point — and we have four point* between our two bearings — 
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we will have 4x11° 15^ = 45°. If, then, the sextant reads 45°, 
and if the position as obtained from these bearings be 
marked on the chart, it will be the correct one, provided there 
has been no local attraction to interfere with the compass. 

Generally, however, it will be found that the motion of the 
boat, if there is any sea to speak of, causes such excessive 
vibration of the compass card, that any bearings taken by it 
would be perfectly useless. This, indeed, would in most 
cases become evident when trying to plot the bearings on the 
chart. To obviate the difficulties arising from using a small 
boat, we had on one occasion the use of a good-sized tug- 
steamer, and finding, as we expected, that the compass was 
perfectly steady, were about to take several bearings when 
we were informed that the compass had not been adjusted 
for the attraction of ihe iron hull and machinery of the 
steamer, and was therefore of no use whatever. On this 
account we had to depend entirely on single observations 
with the sextant ; but by only taking these from any two 
objects that happened to be in line with ourselves to a third 
at a suitable angular distance, we found the results quite as 
accurate as if we had had smooth water, and been able to use 
the compass. For example, in fig. 64, representing a portion 
of the island and harbour of Bombay, the thick black lines 
show the course of the float, the fine black lines the direction 
and line produced from the objects on which the angles were 
taken, and the dotted lines the angles made with them. The 
points from which the observations were taken are numbered 
from 1 to 8. Point No. 1 shows the boat at her anchorage pre- 
vious to immersing the float ; and its position was fixed very 
accurately by observations with a theodolite from two fixed 
points on shore ; after which, everything being in readiness, 
the float was put overboard, and the time by watch duly noted. 
The float was then observed to proceed in a nearly straight 
line for fully twenty minutes ; and, as there was then some 
danger of losing sight of it, the anchor was lifbed, and the 
boat pulled steadily in the direction the float had taken, 
keeping one to two hundred yards behind, till the float was 
observed to change its direction. The boat was then pulled 
as quickly as possible up to the float, when it was seen that 
we were in a direct line with the Dolphin Beacon and Oyster 
Rock fortification. An angle was then taken between this 
imaginary line and the pilot's signal-pole, the time by watch 
being again noted. 

All these particulars being entered in the note-book (a 
copy of which will be found at the end of this article), we 
were then able to fix point No. 2 on the chart by putting a 
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parallel ruler in line with the Dolphin Beacon and Oyster 
Bock, and making a temporary pencil line along its edge. 
The zero of a horn protractor was next fixed on the pencil 
line, and the angle shown on the sextant pricked off, as also 
the centre of the protractor itself. The parallel ruler was 
now made to coincide with the angle just pricked off and the 
point showing the centre of the protractor, and then moved 
along till in contact vrith the pilot's signal-pole. A mark was 
then made at the intersection of this new line with the one 
first of all laid down. The intersection of these two lines 
was therefore marked as point No. 2, and a line drawn from 
point No. 1 to point No. 2 showed the dii'ection and distance 
traversed by tiie float. The difference between the times 
by watch in the note-book gave the exact time taken by the 
float to travel the distance between points 1 and 2; all 
these particulars being noticed in the note-book. And we 
may be pardoned for remarking that in practice the whole 
operation is very much easier and quicker gone through than 
it is for us to write, or for the reader to run over the 
description. 

The boat was again pulled after the float, keeping, as 
before, one to two hundred yards behind ; by keeping this 
distance behind there is little chance of fouling the float, and 
if the boatmen are up to their work, one minute is ample 
time to get quite up to it when required. After proceeding 
in this manner for about 1 hr. 20 min., the float was observed 
suddenly to change its direction, on which the boat was at 
once pulled up to the spot, and just here we could not in the 
limited time at our disposal find two sufficiently well-known 
objects in line, but noticed that the Oyster Bock Fort was 
just its own breadth clear of the outer bastion of Fort St. 
George, or what sailors term Oyster Bock, open to the east- 
ward of the outer bastion of Fort St. George. This being 
the best line we could get, an angle was taken between 
Oyster Bock and the point flag-staff; the time by watch 
being again taken. When this had been done, and just as 
the boat was moving from the spot, we noticed that the inner 
or western sides of the Dolphin Beacon and Cross Island 
battery were in line ; we therefore noted this, because, feeling 
a little uncertain of point No. 3, we were able to check its 
position after plotting. To plot point No. 3, the parallel 
rule was laid on the chart so as to show one breadth of 
Oyster Bock clear to the eastward of Fort St. George. A 
line was then drawn along its edge. The zero of the horn 
protractor being, as before, adjusted to this new line, the 
angle shown on the sextant being pricked off, and the parallel 
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mler applied, fiied the position of point No. 3. The parallel 
ruler being next adjusted to the inner edges of the Dolphiu 
Beacon and Cross Island battery, just intersected point No. 3, 
thereby proving the accuracy of the work. 

When the float had reached point No. 4, it was seen that 
the comer of a sea-wall was exaotly in line with the lofty 
flag-staff in the bastion of Fort St. George. The angle 
between this and the point flag-staff was taken with the sex- 
tant, marked off with the horn protractor, the time by watch 
noted, and the position of point No. 4 Rxed, as previously 
described. At point 5, the pilot's signal-pole and the spire 
of the cathedral were observed to be in line. An angle taken 
as before to the point fla^-staff fixed the position and the 
time by watch duly noted for the rate. At point 6, we had 
the lighthouse and the cathedral spire in line, as tiie point 
flag-staff was still at a suitable angular distance, and indeed 
remained so throughout the trial ; we took the angle as be- 
fore, again noting the time by watch. At point 7 the Observa- 
tory and lighthouse were in line, and on reference to plate 
12, it will be observed that the distance between these two 
objects is, comparatively speaking, very rfiort, but the nature 
or form of the objects themselves hindered any inacctiracy 
that might otherwise have arisen. The lighthouse being 
columnar and the Observatory having a domed roof, we had 
only to see that the one bisected the other. The accompany- 
ing woodcut will give a better idea of 
the appearance, as seen &om sea- 
ward, ^an any description we could 
possibly write. The angle being ob- 
served and time noted, fixed point 
No. 7. At point No. 8, the signal- 
gun tower was seen to be in line with 
Oyster Eock, and the angle was mea- 
sured, as before, to the point flag-staff. 
It was now very near low water, and 
having followed the float much farther , 
than we actually required, there being 
moreover a very heavy sea on, we con- 
cluded to make the best of our way 
back a^in ; this was not such an 
easy matter as might be imagined, the boat being nearly 
swamped on the way. This circumstance we only mention 
to give an idea of the weather during which the float trial 
was made. On reaching the shore, the direction of the 
wind by compass was noted, and found to be the same as on 
starting, and had been of nearly equal intensity throughout 
the whole triaL 
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When a number of float trials are taken, it is nsnal to 
tabulate the results, giving, amongst other particulars, the 
force and direction of the wind, state of the tide at the times 
of the observations, &c. From the chart can be measured the 
distances between the various points traversed by the float 
in yards. From this, note the time taken by the float in 
travelling the distance, and by simple calculation the velocity 
of the current in the spaces between the observations. All 
these particulars being thus entered enables one to see at a 
glance the results of observations that may have taken 
months te make and reduce. 



Float Trial, Tuesday ,18 . 

Direction of Wind before starting, WSW. 
„ „ on return, SW by WJW. 



Date 


Angles 
on 


Name of Object 
to which 


Time of 
Obser- 


Name of Ol^ects taken 
for Line 


Bemarks 




Sextant 


Angles were taken 


vation 






o / 

50 28 


Boat 


h. m. 
•• • 


From V. L. sea-wall 


To fix position 




65 18 


»» • • 


•• • 


From B.B.Co.'s (Jo- 
down 


• of boat before 
start 

4 




•• • 


•• • ••• 


5 


••• •.• 


Float put over- 
boazd 




33 12 


Pilot's Signal 
Pole 


1 41 


Oyster RockandDol- 
phin Beacon 






34 8 


Point Flagstaff 


2 53 


Oyster Kock and 
outer bsMtion of 
Fort St. George 


' Oyster Kock one 
breadth E, and 
inner sides of 




30 


i> tf 


3 21 


Comer of sea-wall 
and flagstaff on 
Fort St. George 


" Dolphin Beacon 
and Cross island 
battery in line 




25 54 


»» »» 


3 45 


Pilot's signal pole 
and Cathedral spire 






25 42 


)f ti 


4 01 


Lighthouse and Ca- 
thedral spire 






32 09 


. »» »i 


4 25 


Lighthouse and Ob- 
servatory 


Lighthouse in- 
• tersects centre 
of dome 




41 04 


tf >i 


5 1 


Signal-gun tower and 
Oyster Eock 






Picked up the Float and returned to thp shore. 





The arrows marked in the plate show the directions of the 
currents as taken from the Admiralty chart ; those with fea- 
thers denoting flood tides. With respect to the compass card 
shown in the plate, it will be observed that each quadrant 
is divided by 31 lines into 32 divisions called quarter points, 
the value of each of which in degrees is 32-t-90°= 2° 48' 45'^' 
and the point being equal to 4 of these we have 2° 48' 46'' 
X 4=11° 15', there being 8 points in the quadrant we have 
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11** 15' X 8 = 90°. The ^ points are shown by short lines, ^ 
points by lines a little longer, whole points longer still. In 
nautical phraseology, the divisions are thus described : — The 
first division to the west or left of north is termed N ^ w, 
the next, N ^ w, the next, n | w, and the fiill point N by w, 
then N by w :i w, N by w i w, n by w | w, and nnw. Instead 
of continuing the reading jfrom nnw, it now apparently begins 
from NW, although in reality the readings run consecutively 
thus : NW by N I N, NW by N ^ N, nw by N ^ N, nw by n ; 
then, NW I N, NW i n, nw ^ n, nw ; then, nw i w, nw ^ w, 
NW I w, NW by w ; then, nw by w J w, nw by w ^ w, nw by 
w I w, and wnw ; then, w by n | n, w by n ^ n, w by n ^ N, 
and w by N ; then, w|n, w^N, w^n and w. And so 
on right round, substituting of course e or s for w or n. 
We must now apologise for the numerous repetitions and 
simple details we have been induced to describe, with the 
object of making this branch of surveying as simple as pos- 
sible. 

From what we have already said about soundings, it will 
be readily seen that all soundings, at least in all tidal seas, 
must be reduced to a regular standard. To do this it will be 
necessary to watch the time of the rise and fall of the tides 
on a tide pole or gauge. This should be firmly fixed in the 
most sheltered spot to be obtained, with its zero at such a 
depth as to ensure its being below the low water at spring 
tides. When the pole has been properly secured and fixed, 
set out a level in some safe place corresponding exactly with 
some fiill division on the gauge, making a note of the division, 
or better still, if there is an opportunity, marking near the 
level set out the exact division on the tide pole to which the 
level refers. This is a necessary precaution in case the tide 
pole should be washed away, although it is of course very de- 
sirable to take all possible care to avoid not only its being 
washed away, but even its being in any way disturbed. 

An upright tube, open below and above, may be placed in 
the water, reaching above the high water and below the low 
water mark, as observed above. In this tube there may be a 
float carrying an upright rod, or else having attached to it a 
string which passes upward over a pulley, and is stretched by 
a weight ; the part of the rod or of the string which is out- 
side tibe tube must carry an index, which shall mark on a 
vertical scale the rise and faU of the float. By making the 
tube nearly close below, that is with only one or two small 
openings, the motion of the waves will have less effect on the 
float, and the tidal rise and fall may be obtained vdth con- 
siderable accuracy. 
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The time of high and low water, and the rise and fall of 
the tide, may be watched in calm weather with sufficient ac- 
curacy for some purposes, by observing the surface of the sea 
rising and falling on a vertical tide pole fixed in open water, 
but in general the waves wiU make it more than difficult to 
observe with anything like accuracy. 

The tide pole is of course divided into feet and inches, or 
better, we think, into feet and tenths, like the levelling staff; 
of course the exact time of every observation must be taken 
by watch by some careful assistant stationed to keep account 
of rise and fall and time in a book systematically ruled out 
for the purpose. 

With regard to the number of observations to be made, we 
always have them taken at every ten minutes, and we have 
generally found that the more numerous they are in the 
course of every hour, the more accurately the work is done. 

It may happen to be difficult to determine the moment of 
the highest and lowest water, either with or without the 
hoUow tide pole, and not on account of the motion of the 
waves, but because of the water stopping or hanging still 
near the time of highest and lowest tide, or rising and falling 
very irregularly ; much the same observations may be made 
as regards the whole rise and fall, more particularly in ex- 
posed situations. 

If there is a considerable time during which the water 
neither rises nor falls, note the moment when it ceases to 
rise, and the moment when it begins to fall, and take the 
time halfway between these for the time of high water. 

Another method is the following : At certain intervals of 
time near the time of high water, for example every ten 
minutes, or even every five minutes, let the height of high 
water be observed, say for half an hour, or an hour, and from 
the height so observed pick out the highest for the high 
water, and note the height and the time ; and in like manner 
for low water. 

It is not necessary to observe that the correct time for such 
observations is quite as important as the correct reading of 
the staff; the assistant therefore to whom this work is con- 
fided must necessarily be watchfal, or he will be much worse 
than useless; we have, however, found a steady old sailor 
able to do this work very satisfactorily when once the matter 
had been well explained. 

The following is perhaps a better mode than the last of 
dealing with observations thus made every five or ten minutes. 
Let a number of parallel lines, ordinates, be drawn at intervals 
corresponding to the intervals of observations, and bounded 
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by a line perpendicular to them on one Bide, the ahscisna ; and 
on these lines, the ordinates, let the observed heights of the 
svirface be set off from the abscissa, and let a line be drawn 
through the extremities of the ordinates. This line, if it be 
tolerably regular, will give the time of high water, and if it 
be somewhat irregular, it can be smoothed into a curve, and 
then the time and height of high water read off; and in like 
manner for low water. The Brunei section paper is exactly 
the thing for this purpose. 

Suppose, for instance, that we have the following obser- 
vations of the height of water, made every five minutes for 
an hour. 
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The selection of the greatest height as 7 would give the 
time of high water as 30 minutes ; but the general run of 
the height would give high water two or three minutes later, 
as will appear by transferring the above figures to paper in 
the manner above described, and drawing a line through. 

It is a simple thing to draw these lines on the section 
pai>er ; the divisions on the horizontal line represent hours 
and minutes, and the divisions in the vertical line give feet 
and inches, or better, we think, tenths, with paper decimally 
divided. 

It is well to begin a series of tidal observations by observ- 
ing the height of the water, during the whole day and night, 
every half hour or every t«n minutes, as we have had to do 
on two or three occasions. If the rise and fall be very 
irregular, and after stormy weather we have occasionally 
observed extraordinary irregularities, or if there are any 
features differing from the ordinary state of things, it will 
by this means become ap{>arent. 

If, for instance, instead of tliere being two tides in a lunar 
day, there be one only, or four, both of which caaes occur at 
several places, such peculiarities will be discovered by observa- 
tions continued during the day and night. If liere be a 
periodical rise and fall of the sea surface, not depending in 
any obvious way upon the moon, the periods of maximum 
and minimum should be carefully and exactly observed, in 
order to determine upon what the rise and fall do depend. 
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If the tides are tolerably regular it will not be necessary to 
observe, except for every five or ten minutes near the time of 
bigb water and low water, say for one hour, so as to include 
the exact time near the middle of the hour. 

From these observations, by laying dovni the heights as 
ordinates and drawing curves, the height and time of high 
water and of low water will be deducted. 

It is desirable to compare the observations of the time of 
high water and low water with the time of the moon's transit 
while the observations are going on ; for if the tide foUow 
this transit at very irregular intervals, the common modes of 
observation will probably be of no use, and the time and 
trouble employed in making them will be lost. 

We know of no observations on the subject of tidal re- 
gisters more clear and simple than those of the late Professor 
WheweU. 

The time of high water at any place on the day of new or 
full moon is commonly called the estahlishmenty because this 
generally gives the means of knowing the time of high water 
on any other day. But if the tides are very irregular this is 
not the case, and then the establishment of the place is of no 
use, or rather there is no establishment proper. If the tides 
are regular, the establishment may be found firom observa- 
tions made on other days, as well as fix>m those made on the 
day of new and full moon. 

To compare the time of high water with the time of the 
moon's transit, we must take the moon's transit from the 
Nautical Table,* and reckon how much the time of high 
water is after the time of the moon's transit, and put these 
down as the lunitidal intervals. It is not necessary for these 
purposes to calculate the time of the moon's transit at the 
place of observation by difiFerence of days. It is sufficient to 
take the time of the moon's transit at Greenwich, and to add 
two minutes for every hour west longitude of the place ; for 
the moon moving away from the sun so that her distance 
therefrom is increased 48 minutes in time for every 24 hours, 
and therefore the transit of the moon is later at every other 
place by 2 minutes for every hour. 

Suppose that we have obtained the observations of high 
water contained in the following table, we add to them the 
other columns containing the moon's transit, and the luni- 
tidal intervals calculated therefrom. The alternate transits 
are interpolated midway between the others, which are given 
by the table in the Nautical Almanac. The a.m. transit 

* Nautical Almanac, 
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which happens at Oh. 32m. on the 14th day is given in that 
table as 12h. 32m. p.m., on the 13th the hour of the table 
being reckoned from noon in the Nautical Almanac. 
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In this table we subtract 10 hours 33 minutes, the time of 
the interpolated moon's transit, from 13 hours 7 minutes 
equal to 1 hour 7 minutes, the observed time of high water, 
and we get 2 hours 34 minutes, the lnnitidal interval, &c. 

By putting the lnnitidal intervals into a curve in the 
manner already explained, setting off the lnnitidal interval 
belonging to each tide as an ordmate, we ascertain whether 
the lnnitidal intervals foUow a regular law, for the line 
drawn through the extremities of the ordinates will then 
give a tolerably regular curve. 

In the above table it may be seen that the term estahlish- 
ment is sometimes a rather loose one. The 13th is the day 
of fiill moon, for in the course of that day the moon is 12 
hours from the sun. The time of high water on that day is 
A.M. 2h. 11m., and p.m. 2h. 29m., and either of these in the 
common sense of the term might be called the establish- 
ment. 

Amongst the methods for testing the ground at the bottom 
of harbours, as regards the nature of the holding ground, or 
works for construction, are the following : a diver may drive 
a bar, pointed at the end, and some four or five feet long, 
into the ground, to satisfy himself as to its general character, 
that is, whether it is sand, chalk, loam, or clay ; of course if 
it is rock, the bar will not go in, and it wiU sometimes be 
found hard work to penetrate some kinds of clay, whilst in 
others the bars may be driven some two or three feet or 
more ; when the bars are drawn, the soil attached to them 
should be carefully examined, and, if necessary, portions 
should be put aside in little bags, with notes attached as to 
where and by what means obtamed. 

l2 
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Where the bars are driren any depth into the ground, 
they Bometimes can only be drawn by means of a Spanudi 
windlass placed over the gnnwale of a ship's laonch, or a 
large boat. In donbtfnl or snapicionB circumstances, buoy 
ropes are sometimes left attached to the bar, so that persons 
sent afterwards to examine or confirm work done, may know 
where to find the situation of the bars. 

The following is a naval method of ttying the holding 
ground in a harbour: a ship is anchored in six or seven 
fathoms at low water spring tides; 
after veering out to the length of 
cable thought sufficient to hold in a 
gale of wind, perhaps a whole or a 
half cable, or even less, the ship is 
backed by the paddles ; when the 
cable indicates that the first power 
of the paddles is felt, the l^d is 
dropped over the side, and watched 
to see if the anchor starts in conse- 
quence of the dragging power applied 
to the paddles. The experiments 
ought to be made at a time of slack 
and smooth water, if the conditions 
are considered as resembling those 
of a close harbonr. 

The plungers, of which we here- 
with give illustrations, are also used 
for testing a harbour holding ground ; 
one is an iron bar about 1 inch or 
1^ inch scantling, pQinted at one end, 
and with notches cut lightly into it ; 
it is armed with some sixty or seventy 
pounds of lead, to force it into the 
ground ; the piece of board at top 
is attached as a float, to make the 
plunger descend vertically; it re- 
quires a little practice to make it 
penetrate any depth, but it gives 
very good indications when fairly 
used, as the notches in the bar bring 
up some of the material penetrated. The other plunger re- 
presents a hollow cylinder attached to a bar sinular to that 
last-mentioned, armed with lead and with a float; or it may 
be used without the latter, and may be let down into the 
water by means of lengthening bars screwed on to the first, 
in the same manner as boring rods. A httle leather or vul- 
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canised india-rubber valve, opening upwards, should be 
secured to the top of the cylinder, which is, of course, open 
at the bottom, the edges of which may be made tolerably 
sharp. This plunger is used for bringing up a plug from the 
bottom, when it is made to penetrate. A more simple in- 
strument as a plunger may be made by means of about a 
foot in length of tubing, about 1 inch in diameter, attached 
by copper wire to one side of a deep sea lead, below which 
the end of the tube may project about six inches ; at the 
other end of the tube there should be a little valve, like that 
referred to in the former plunger. 

Where any of the above instruments are used, to any 
extent particularly, that is to say, where they are driven in 
two or three places close together, so as to show a fair sample 
of the bottom, observations should be carefully taken to 
determine the precise spot on the plan. 
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CIIAPTEE XI. 

WATERWORKS SUPPLY. 

RAIN OArOE — STREAM GAUGINO — FORM OF NOTCHES IN OVERFALLS — 
RULES FOR GAU(JINO BY OVERFALLS — RAINFALL — ^NOTES ON 6ATHERIN0 
GROUNDS — VELOCITIES OF STREAMS AND RIVERS. 

We have referred in former chapters to the subject of surveys 
for canals and irrigations. The actual surveys of a large 
gathering ground are made after the area and contonrs are 
ascertained ; they are generally made to a very small scale. 
The geological formations, the state of cultivation, with the 
rivers and streams, are amongst the principal features we 
shall have to show on such a survey, besides the position of 
rain gauges. 

It is sometimes requisite to show some of the valleys run- 
ning parallel to those within the area of watershed proper ; i 
this has to be done when, for instance, it is intended to F 
drive a heading through an intermediate hill or ridge, as ; 
this may be the means of obtaining a large additional 
quantity of water. 

With regard to river surveys, some of the many observa- 
tions we have already made apply in the same manner. At 
fig. 65 we show a system of triangulation for a large river, 
and two large areas of ground liable to inundation at floods. 
After the angles have all been carefully taken with the 
theodolite, and the bases aU chained, the remaining sides 
should be calculated, unless we choose to be satisfied with 
the mere use of a protractor. On many of the lines shown, 
sections or soundings will have to be given. 

These operations are carried on in the- same manner as 
that we have explained under the head of ^ Harbour Survey- 
ing ; ' and may be done on the lines of triangulation. 

The most important observations we shall have to make 
as regards the area of watershed, are as fco the geological 
formation ; the state of cultivation, as arable, grass or 
meadow lands ; those that are barren, woody, or consisting 
of peats ; lands from which the waters are appropriated by 
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existing mills or manufactories. All these have generally to 
be shown on the best maps we can obtain, after corrections 
have been made. In our own country the Ordnance maps 
are generally used. The areas as to all the above matters 
have to be computed. 

We shall also have to ascertain the rainfall. At home 
there is much less difl&culty than there used to be on account 
of the very numerous meteorological observers we have now. 
We shall have to ascertain the discharge from rivers and 
streams, and the compensation to be made for withdrawing 
water from vested interests, such as mills and manufactories. 

The rainfall is measured by observations made with the 
rain gauge, — a simple little instrument with which almost 
every one is acquainted now-a-days ; the use of it is not so 
much required at home as it used to be, because of the 
many valuable rainfall tables we have now ; a very excellent 
one, and very copious, will be found in Mr. Beadmore's 
Hydrology. 

Prevailing winds, proximity to the sea, altitude, exposure, 
or shelter, all influence the quantity of rainfall. All these 
matters require to be considered in fixing the position of rain 
gauges. 

It is very important that the area of the mouth of the 
rain gauge should be well defined ; in those most carefully 
made the rim of the mouth is turned in a lathe : this rim 
should be strong, so as not to be liable to be deformed, and 
should project inwardly, so as to prevent the rain from 
splashing over. 

When a liumber of gauges have been established over a 
large area of ground, it often requires some activity to do 
justice to the subject ; they require visiting often, particularly 
after sudden rainfalls. 

!Bain gauges should always be placed in open unsheltered 
situations ; at diifferent altitudes, on extensive areas, and 
always on the ground ; they require considerable watching. 

A glass measure to ascertain the depth of rainfall, from 
the quantity of rain water found in the gauge when examined, 
is sold with the gauges ; this should be carried about in a 
case, like a telescope. 

The erection of notched boards, or overfalls, for measuring 
the discharge of streams, is often a very important matter. 
If not done well it had better not be done at aU. 

We should first look for a favourable spot ; this will gene- 
rally be where there is a straight run of the stream between 
even banks, and where the bed is level ; if we can find a 
place just below a widening out of the banks forming a kind 
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of basin, this will be exactly the place to be selected. The 
overfall should be built up out of two-inch planking, made 
perfectly water-tight, and if of any length, it should have a 
strong frame to prevent its bending. 

A rectangular notch should be cut in the board, of some- 
very exact dimensions in feet, and this notch should not be 
so narrow in proportion to the stream as to * wire-draw ' it, or 
cause a great increase of velocity in the approaching stream. 

The edges of the notch should be chamfered and made 
quite smooth, as also a plate of iron which should be carefully 
inserted at the back ; every care should be taken to make 
all this as even as possible. K the iron plate is omitted, 
the edges of the notch soon become ragged and uneven. 

The depth of the planking should reach from the top of 
the banks of the stream, right down into its bed, that it may 
not leak underneath. 

The overfall should be fixed square across the stream and 
so that its centre should correspond with the centre of the 
current. Sharp, clean-cut trenches should be cut in the banks 
and bed of the stream to receive the board. Some well- 
tempered clay or puddle should be ready at hand to trample 
down by the sides of the board the moment it is dropped into 
its trench ; that is, before the water has had time to accumiu- 
late behind it. A rough kind of timber apron should also 
have been prepared to fit the stream, and as soon as the 
overfall has been got in, and the clay puddled down, this 
apron should be fixed before the water begins to overflow, or 
it will very quickly tear up the puddle and the bed of the 
stream below. 

The cill of the overfaU should be high enough to prevent 
its being submerged when the rains come on ; but it should 
not be raised sufficiently to cause the first floods to overflow 
the banks. Circumstances only can guide us in considering 
this matter. 

Before setting up the overfall, we should drive a stout post 
into the bed of the stream and in the centre of the current, 
some distance above. 

After the board has been got safely in, a feather-edged 
rule, some two or three feet long, divided into tenths and 
hundredths of a foot, or into inches, should be nailed to the 
post, and the zero of this rule should be made exactly level 
with the cill of the overfall. This rule will be the measure of 
the depth of water at the rule, above the level of the cill. 

The triangular, instead of the rectangular form of notch, 
was introduced by Professor Thomson of Belfast, and the 
following observations and recommendations are made in 
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favour of its general adoption for ganging the discharge of 
streams, more particularly in reference to the requirements 
we now refer to. 

The rectangular notch has been experimented on in various 
countries, at great cost, and by many of the most eminently 
scientific and practical men, in Fmnce and England par- 
ticularly, the object being to determine the coefficients of 
formulas necessary for their application in practice. For 
many purposes they are both suitable and convenient. They 
are, however, but ill adapted for the measurement of very 
variable quantities of water, such as commonly occur in 
gauging small or moderately sized streams ; this is par- 
ticularly the case with streams flowing through meadows or 
slightly undulating countries, where fiie banks are shallow, 
and when the quantity of water flowing past all the year 
round has to be ascertained. 

If the rectangular notch is made wide enough to allow all 
the flood water to pass through it at all times, which is gene- 
rally what we are anxious to ascertain, then in dry weather the 
water runs so shallow over the crest of the overfall, that its 
indications cannot be so well relied upon. This at least will 
be the case unless the overfall is set up in seasons of 
drought. 

In the rectangular notehes the parallelograms are dissimilar 
for every varying depth of water, but for the triangular 
notch the triangles are always similar. 

To remove in some degree this objection, gauges for rivers 
and streams are sometimes formed with a small rectangular 
notch, cut down below the general level of the crest of the 
large rectangular notch. This, however, is only where great 
accuracy is sought for, and will involve rather intricate 
formulas. 

K now, instead of one depression being made for dry 
weather, and others for larger quantities of water, we use a 
crest wide enough for use in floods, we may conceive a large 
number of depressions extending so as to give the crest the 
appearance of a set of steps of stairs ; and if we conceive the 
number of such steps to become inflnitely great, we are led 
at once to the conception of a triangular instead of a rect- 
angular noteh. 

The principle of the triangular noteh being thus arrived 
at, it becomes evident that there is no necessity for leaving 
one side of the noteh vertical and the other slanting ; but 
that it may in many cases prove more convenient that both 
sides should be made slanting with slopes alike ; the former 
arrangement indeed would be very inconvenient. 
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It is then to be observed, that by the use of the triangular 
not^h, with proper formulas and coefficients, derivable by 
due attention to theory and experience, quantities of running 
water, from the smallest to the largest, may be accurately 
gauged by their flow through the same notch. 

The reason of this is obvious, from considering that in the 
triangular notch, when the quantity flowing is very smaU, 
the flow is confined to a small space admitting of accurate 
measurement ; and that the space for the flow of water in- 
creases, but still continues such as to admit of accurate 
measurement by the same formula and coefficient, the. depth 
of water being the only variable quantity. 

Further, the ordinary rectangular notch, when applied for 
gauging rivers, is subject to a serious objection from the 
difficulfy or impossibility of properly taking into account the 
influence of the bottom of the river on the flow of the water 
in the stream towards the notch. 

If it were practicable to dam up the stream so deep that 
the water would flow through the notch as if coming from a 
reservoir of still water, the difficulty would not arise. This 
is generaUy what we aim at in setting up overflow notch 
boards, at least as much as possible ; we have, however, often 
to guard against flooding higher up the stream, where per- 
haps a public road may cross, and also to the result of heavy 
freshets, which would be to constantly overflow the dam. 

It is, however, very seldom that we can do exactly what we 
want in practice, and although the bottom of the stream or 
river may be so far below the crest as to produce but little 
effect on the flow of the water, when the quantity flowing is 
small, yet when this is reversed the velocity of approach 
comes to have a very material influence on the flow of the 
water, but an influence which is usually difficult to ascertain 
with satisfactory accuracy. 

In the triangular form of notch, the influence of the bottom 
may be rendered definite, and such as to affect alike (or at 
least by some law that may be readily determined by experi- 
ment) the flow of the water when very small or very great 
in the same notch. 

The method by which Professor Thomson has proposed 
that this may be effected consists in constructing a floor 
startiQg exactly from the vertex of the notch, so as to form 
a bottom for the channel of approach, both up stream and 
laterally, which will both be smooth, and wiQ serve as the 
lower bounding surface of a passage of approach unchanging 
in form, while increasing in magnitude, at the places at 
least which are adjacent to the vertex of the notch. 
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No doubt this would be a very accurate mode of dealing 
with special cases, but when numerous streams have to be 
gauged over a wide area of country, it would become very 
expensive to construct such gauges for every case. 

The floor might be either perfectly level, or might consist of 
two slanting planes, whose intersection would start from the 
vertex of the notch, and would pass up stream perpendicularly 
to the direction of the outfall ; the two planes slanting up- 
wards from their intersection more gently than the sides of 
the notch. 

The level floor, although theoretically not quite so perfect 
as the floor with the two slanting planes, would probably be 
the most convenient arrangement for general practical pur- 
poses. Considering all the minor practical difficulties 
which arise in getting an overfall well set in the streams to 
be gauged, there is no doubt that the level floor would be the 
most easily set up. This will be readily admitted by all who 
have had experience of setting up such dams, and even the level 
floor would occasion some trouble in a stream of any size. 

With reference to the use of the floor, it may be said, in 
short, that by a due arrangement of the notch and the floor, 
a discharge orifice and channel of approach may be produced, 
of which the upper surface of the water being considered as 
the top of the channel and orifice, the forms Avill be as little 
changed as possible, with variations in the depth of water 
flowing over ; much less certainly than in the case of rect- 
angular notches. 

Whatever may be the result in this respect, the main 
object must be to obtain, for a moderate number of triangular 
notches of different forms, both with and without floors at 
the passage of approach, the necessary coefficients for the 
various forms of notches and approaches selected, and for 
various depths in any one of them, so as to allow of 
streams being gauged for practical purposes by means of 
similarly formed notches and approaches. Whatever form of 
notch is adopted there can be no doubt tliat it is very desir- 
able to adopt the like form throughout a series of experi- 
mental overfalls, and to make them as much as possible 
bear the same proportion to the body of the stream. 

The utility of the proposed metiiod of gauging will not 
depend upon a perfectiy close agreement of theory with ex- 
periments, because a table of experimental coefficients for 
various depths, or an empirical formida modified from the 
theoretical one, will serve all general purposes. 

There is one very decided and practical simplification in 
the method of gauging streams introduced by Professor 
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Thomson, and which has become adopted by many; the 
quantity of water flowing becomes a function in a form with 
only one variable, namely, the measured head of water ; 
practically at least it will be so in ordinary cases. In 
the rectangular notches there are two important variables, 
the horizontal width and depth of the notch, as well as the 
head of watery there is firequently also a third variable very 
difficult to be taken into account, namely the depth from the 
crest of the notch to the bottom of the channel of approach, 
which depth must vary in its influence with aU the varying 
ratios between it and the other two quantities of which the 
flow is a function. 

The proposed system of gauging also gives facilities for 
taking another element into account, which often arises in 
practice, namely the influence of backwater on the flow of 
the water on the gauge, when, as frequently occurs in rivers 
and streams, it is found impracticable to dam up sufficiently 
high to give a clear overfall, free from the backwater. 

For any given ratio of the height of the backwater above 
the vertex of the notch to the height of headwater above the 
vertex of the notch. Professor Thomson would anticipate 
that the quantities flowing would still be, approximately at 
least, proportional to the square root of the fifth power of 
the head as before. A set of co-efficients would have to be 
determined experimentally for different ratios of the height 
of the head of water to the height of backwater above the 
vertex of the notch. 

Some preliminary experiments were made on a right- 
angled triangular notch in a vertical plane surface, the sides 
of the notch making angles of 45° with the horizon, and the 
flow of water being from a wide and deep pool of quiet water, 
the fluid thus approaching the notch uninfluenced by any 
floor or bottom. The experiments were made on quantities 
of water varying from about 2 to 10 cubic feet per minute, 
with heads varying from 2 to 4 inches in the right-angled 
triangular notch. 

From them the following formula was derived : 

Q=0-317^H% 

in which Q is the quantity of water in cubic feet per minute ; 
and H the head in inches measured vertically from the still 
water level of the pool down to the vertex of the notch. 

The foregoing formula has only been submitted temporarily 
as being accurate enough for use for ordinary practical 
purposes, for the measurement of water flowing from notches 
similar to the one experimented upon, and for quantities 
limited to nearly the same range as those in the experiments. 
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In the ordinary practice of stream gauging, to which we 
now principally refer, the above formnla and tiie application 
of the right-angled triangular overfall are found exceedingly 
convenient, as there are in reality no calculations to maJ^e 
when once a table of the square root of the fifth powers has 
been calculated. Where there is a numerous series of gauges, 
over an extensive area of coimtry, requiring gauging as often 
as possible in the course of every twenty-four hours, a very 
great number of calculations have often to be made in the 
old and ordinary manner of gauging, where very accurate 
results are required. 

It may, however, be mentioned that to obtain this accuracy 
anything like literally, it requires some very trustworthy ob- 
server to be constantly on the watch at every overfall ; a 
passing shower, more particularly where the stratification 
causes the action to be rapid, a lump of weeds, or a small 
branch of a tree which may get temporarily entangled on the 
crest of the notch, may vitiate gaugings, as far as very great 
accuracy is concerned, although otherwise made with great 
care. 

Mr. Neville, the eminent authority on hydraulics, makes 
the following observations on this subject : — 

^ The disadvantage of the proposed triangular form of 
depression, if permanent in a dam, would be that the angular 
point should be at a lower level than the top of a horizontal 
crest to maintain the same level above, of the water during 
floods, and therefore the power of the water and head would 
be reduced at the period when most required for mill power 
or navigation purposes, that is during dry weather. For 
drainage purposes the wint^ level, or that during floods, 
must evidently be kept down, imless where the banks are 
steep and along rapids ; but these remarks do not apply to 
dams erected across mill races or streams, where the banks 
are generally considerably above floods. These remarks refer 
to occasions for permanent gauging to find the relations of 
evaporation, absorption, and discharge in given catchment 
areas.' 

We have already explained the construction of overfalls or 
notched boards for gauging the discharge of streams; we 
will only again refer to the necessity of their being carefully 
got into the bed and banks of the streams, that they should 
be water tight, and with the cill perfectly level. It is un- 
necessary to observe farther that these gauges require watch- 
ing in order that nothing should occur to cause an escape at 
the sides or at the bottom of the stream, a circumstance 
which may be occasioned by heavy floods, unless the subject 
is carefully looked after. 
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If we take a board with a notcli of any ahapo whatsoever 
cut in it, the board will first pen back the water to a certain 
level, and very soon after the water will &11 or flow over the 
notch with a velocity due to the difference of level between the 
surface of still water and the centre of the cill of the notch. 

The velocity of water flowing through an aperture is taken 
as equal to that acquired by a heavy body fallings in vacuo 
through a given height equal to the difference of level just 
above referred to. 

The velocity, per aecondy in passing through any unit as a 
foot or an inch is equal in terms of such unit to twice the 
square root of the force of gravity, and the velocity acquired 
in falling through any given height is as the square root of 
the height fallen through. 

If we put H for the height in feet, observing that such 
height refers to the above-mentioned difference of level, and 
if we put V in similar terms for the velocity acquired in 
falling through h, and G in the same terms for the force of 
gravity or height fallen through by a heavy body in one 
second of time, we shall obtain the following expressions, Q 
in the latitude of London being taken at 16*08 feet, 

V per second =2 ^/16•08H=8•02 \^ir 

It is usual, however, according to the most recent experi- 
ments, to take this expression as 

V per second = 8*03 ^h. 
Or, V per minute = 481 '8 'v^h. 

The discharge through any aperture will always be equal 
to the mean velocity multiplied by the actual sectional area 
of the escaping fluid, and which sectional area is never equal 
to that of the aperture. 

If they were equal we should have, 

Discharge per minute =481 '8 A + ^b., 

in which A is put for the area of aperture. 

In all cases the co-efficient 481 '8 requires modification 
and for the apertures now referred to, that is, the overfalls 
from weirs and notched boards, there is a very considerable 
modification on account of the parabolic form of the fall of 
water, besides the friction and the contracted vein. 

The issuing water assumes a parabolic form, and the sec- 
tional area is two-thirds of the circumscribing rectangle, and 
putting A for the area of such rectangle, and l the length of 
the overfall, and o for the co-efficient, we shall have 

Discharge per minute =481 '8 4-l4-| a+ a^h"+c. 
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Very numerous experiments make the co-efficient to vary 
from about '58 to '7 ; therefore 481*8 may vary between 186*3 
and 224*8. As an average o is very commonly taken at *63, 
so that the 

Discharge in cubic feet per minute over 1 oa^ . i c%nA i 
I* X • 1 ^\. J* r M f =204 v^H^or 204h^ 

every foot m length of an overfall J 

where h is the head in feet, or the difPerence in level from 
the cill of the notch to the surface of still water above. 

And where the head h is taken in inches, the co-efficient 
is very commonly taken at 6*1, when the 

Discharge in cubic feet per minute 1_5 2/73 e^f 
over every foot in length of overfall J "~ 

These co-efficients apply to overfalls of which the outside 
arrises are chamfered and smooth; if the inner and outer 
arrises are rounded and smooth the co-efficients will be con- 
siderably increased. Mr. Neville, in his invaluable work on 
hydraulics, has given some lengthy tables of co-efficients, 
of which it has been rather idly said, * It seems a waste of 
time and an attempt to refine where the data are not sufficient 
for the purpose.' Where accuracy is to be obtained we con- 
sider their application indispensable, at the same time that 
we admit that it involves considerable amounts of calculation, 
but Mr. Neville does not seem to think very highly of what 
may be termed royal roads, and as regards the data, we very 
much doubt whether we shall ever have better than those we 
possess. 

A few concise practical remarks on the use of average 
co-efficients may be acceptable in reference to general 
purposes. 

From the valuable experiments of Poncelet and Lesbros 
at Metz, we find the co-efficients vary from '577 for an aper- 
ture 8'' by 8'' to '63 for an opening of 8'' by 4'' ; the mean 
value of ten experiments is '603. 

Du Buat's experiments with a notch 18 inches long give 
'632 for a mean value, and Brindley and Smeaton's experi- 
ments with notches 6 inches wide and from 1 to 6^ inches 
deep, give from '671 to '713, the mean being '637. 

Mr. Ballard's experiments with a board 2 feet long give 
*732 for an average co-efficient; but there is reason to 
believe that the hea4s were taken on the board itself instead 
of to the level of stDl water. 

Mr. Blackwell's experiments with an overfall bar, 2 inches 
thick and 10 feet long, give co-efficients varying from '591 
with a depth of about 1 inch to '781, with a depth of 9 
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inches, the mean of nineteen experiments being *72S ; the 
velocity of approach in most of the experiments was, how- 
ever, plainly perceptible. 

Where, in the above formulas, we make nse of that with 
co-efiicieiit C, the following tablet, derived from the Eennet 
and Avon experiments, will be useful : — 

Where we seek to make our calculations by sborter and 
somewhat less accurate results, though sufficiently so for 
general purix)8es, we may make use of the following table 
where the co-efficients in column marked a are given instead 

of 204 in the formula 204 ^b* (h being the head in feet) ; 
those in column b will apply instead of 5 in the formula 

5 \/h* {h the head being in inches). The description of the 
overfalls apply to the same experiments as the last : — 



Ilcnd, from crwt to 
IcTvl of btill water 

Inches 
From 1 to 3 
„ 3 to 6 j 


Description of Orcrfall 


▲ 


B 

i 


1 Thin plato 3 fec-t long . . { 


212 
194 


6-1 
4*68 


it 
It 


1 to 3 
3 to 6 
6 to 9 


• Thin plate 10 feci long 

1 > 


241 
210 
178 


6-76 
616 
4-32 


ft 
»» 


1 to 3 
3to 6 ' 
6 to 9 


) f 
V Plank 2" thick at crest 


165 
185 
106 


3-96 
4-44 
4*62 


>> 
» 
tt 


1 to 3 
3 to 6 
6 to 9 
9 to 14 


■ Ditto 6 feet long 


173 
191 
189 
173 


414 
460 
4-44 
414 


it 
tt 
tt 
tt 


1 to 3 
3 to 6 
6to 7 
9 to 12 


• Ditto lOfoetlong 


167 
191 
180 
172 


408 
4-60 
4S2 
414 


tt 
tt 


1 to 2 
4 to 5 


) Ditto 10 feet long, with wing f 
' boards at an angle of 60^ ^ 


230 
213 


6-52 
622 


tt 
tt 
tt 


1 to 3 
3to 6 
6to 9 


Crest 3 feet wide, 3 feot long, 
level 


147 
150 
153 


3-64 
3-60 
3-66 


tt 
It 
tt 


1 to 3 
3to 6 
6 to 9 


■ Ditto ditto, sloping 1 in 18 


175 
152 
160 


4-20 
3-66 
3-84 


t) 
tt 
tt 


1 to 3 
3 to 6 
6 to 9 


- Ditto ditto, sloping 1 in 12 

4 t 


165 
158 
163 


3-96 
378 
3-96 


tf 
tt 


3 to 7 
7 tx) 12 


Crest 3 feet wide, 6 feet long, t 
level ( 


159 
149 


3-72 
3-60 


tt 
tt 
tt 


1 to 5 
5 to 8 
8 to 10 


. Ditto, 10 feet long, level . . • 


147 
158 
151 


3-54 
3-78 
3-66 
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The following is a table of Theoretical Discharges over 1 
foot in length of any overfall in cnbic feet per min/ute. The 
figures, therefore, only require multiplying by the suitable 
co-efficient from the former of the above two tables and by 
the length of the overfall to give the actual discharge : — 



Heftd 


Discharge 


Head 


Ditfcharge 


Head 


Discharge 


Inches 


Cubic feet 


Inches 


Cubic feet 


Inches 


Cubic feet 


026 


0*96 


7-76 


166-60 


19-5 


664*94 


0-60 


2-73 


8- 


175-73 


20- 


690-68 


0-76 


602 


8-25 


182-98 


20-5 


716-74 


1- 


7-72 


8-50 


191-37 


21- 


74313 


1-25 


10-79 


8-75 


199-87 


21-6 


76983 


1-60 


1419 


9- 


208-60 


22- 


796-83 


1-75 


17-88 


9-26 


217-24 


22-5 


824-16 


2- 


21-84 


960 


226-11 


23- 


851-78 


225 


26-06 


9-75 


23509 


23-5 


879-70 


2-60 


30-62 


10- 


244-19 


24- 


907-93 


2-76 


35-22 


10 25 


253-41 


25- 


965-25 


3- 


40-12 


10-50 


262-73 


26- 


1023-75 


3-25 


46-24 


10-75 


272-17 


27- 


1083-38 


3-50 


60-66 


11- 


281-72 


28- 


114412 


3-76 


66 08 


11-60 


30116 


29- 


1205-95 


4- 


61-78 


12- 


321-20 


30- 


1268-86 


4-25 


67-66 


12 50 


34127 


31- 


1332-83 


4-60 


73-71 


13- 


361 95 


32- 


1396-84 


4-75 


79-94 


13-6 


38303 


33- 


1463-88 


6- 


86-33 


14- 


404-51 


34- 


1530-92 


6-26 


92-89 


14-5 


426-37 


35- 


159895 


6-60 


99 60 


15- 


448-61 


36- 


1667-96 


6-75 


106-47 


15-6 


471-23 


37- 


173794 


6- 


113-49 


16- 


494-21 


38- 


1808-88 


6-25 


120-66 


16-6 


617-66 


39- 


1880 75 


6-50 


127-97 


17- 


541-26 


40- 


1953-64 


6-75 


135*42 


17-6 


565-32 


41- 


2027-26 


7- 


14302 


18- 


589-72 


42- 


2101-88 


7-25 


150-74 


18-5 


614 44 


43- 


2177-39 


7-60 


158-61 


19- 


639-53 


44- 


2253-78 



When a weir or overfall extends from side to side of a 
channel, the contraction is less than when it forms a notch, 
and the co-efficient sometimes rises to nearly '7. When the 
weir or notch extends only one-fourth or less of the width of 
the channel, the co-efficient may vary from '58 to '6. 

A gathering ground is a certain area of country wliich 
receives and intercepts more or less the amount of rain fall- 
ing over it ; this quantity will therefore generally depend on 
the geological formation, on the nature of the superficial 
ground, on the angle of inclination, and on the natural or 
artificial drainage. 

Even a casual examination of gathering grounds from 
which it is proposed to collect water for the purposes of a 
town supply requires grave consideration. 
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Gathering grounds are drained by rivers and tributary 
streams, and generally those are selected which are sur- 
rounded by high grounds and sometimes lofty mountains ; 
it is more particularly in the latter case that gathering 
grounds are valuable on account of the large amount of rain 
collected by mountain ridges, provided, however, there is 
nothing unfavourable about the geological character. 

The upper basins of the main tributaries of the River 
Severn consist of about 130,000 acres, and the summits of the 
gathering grounds are from 2,500 to 3,000 feet in altitude, 
and the average annual rainfall is probably not much less 
than 150 inches ; in some parts of Essex the annual rainfall 
is said to be less than 20 inches. 

The depth of rainfall in inches multiplied by the constant 
2,323,200 will be equal to the quantity of water in cubic feet 
per square mile. 

Hence the following tablet : — 



Cubic Feet per Square Mile according to the Depth of Bainfall 


Rainfall 


Cubic feet. 


Rainfall 


Cubic feet, 




per square mile 




per square mile 


Inches 




Inches 




0100 


232,320 


0-525 


1,219,680 


0125 


290,400 


0-550 


1,277,760 


0-150 


348,480 


0-575 


1,335,840 


0175 


406,560 


0-600 


1,393,920 


0-200 


464,640 


0-625 


1,452,000 


0-225 


522,720 


0-650 


1,510,080 


0-250 


580,800 


0-675 


1,568,160 


0-275 


638,880 


0-700 


1,626,240 


0-300 


696,960 


0-725 


1,684,320 


0-325 


755,040 


0-750 


1,742,400 


0-375 


813,120 


0-775 


1,800,480 


0-400 


871,200 


0-800 


1,858,560 


0-425 


929,280 


0-825 


1,916,640 


0-450 


987,360 


0-850 


1,974,720 


0-475 


1,045,440 


0-875 


2,032,800 


0-500 


1,103,520 


0-900 


2,090,880 




1,161,600 


0-925 


2.148,960 






0-950 


2,207,040 






0-975 


2,265,120 






1-000 


2,323,200 



The depth of rainfall multiplied by the constant 3680 will 
give the quantity of water in cubic feet per square acre. 

The variations that may and do constantly occur in the 
annual depth of rainfall in various parts of Great Britain is 
partly shown in the following tablets. 

For instance, we have the following record for the Long- 
dendale Valley near Manchester, the Ehodes Wood Station 

M 2 
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being 520 feet above the level of tbe sea^ and the Woodhead 
680 feet above the same level, or 160 feet higher : — 



Yean 


BhodflsWood. 


Woodhead. 


lUinfaU in iaohM 


Bainfallininohfls 


1855 


84-49 


40-88 


1856 


4916 


50-89 


1857 


4004 


4608 


1858 


42-77 


45-54 


1859 


46-34 


53-35 


1860 


47-85 


53-69 


1861 


40-22 


44-24 


1862 


47-28 


49*63 


1863 


48*04 


53-77 


1864 


38-50 


43-52 



Mean Baikfaxl im the Laxs District. 



Place of observation 


Level above sea 


Kunber of years 
of 


Hean depth of 
rainfUl 




Feet 




Inches 


Keswick 


258 


10 


59-6 


Loweswater 


336 


10 


67-29 


Crammock Lake 


260 


10 


841 


Gatesgarth 


290 


9 


114*7 


Eskdale Head 


— 


7 


77*9 


Wastdale Head 


247 


10 


101*4 


Selside 


736 


5 


73*6 


The Hough, Troutbeck 


503 


10 


79-3 


Ambleside 


190 


6 


79-6 


Seathwaite 


— 


9 


140-5 


Stonethwaite 


340 


7 


111*4 



Loch Katbinb Distbict. 



Situation of gauge 


Level above 
sea 


Depth of rainfall 


1855 


1856 


1857 


Bridge of Turk 

Between Glen Finlas and ) 

Glen Ledi i 
Glengyle 
Between Loch Ard and) 

Loch Katrine i 
On Slope of Ben Lomond 


Feet 
270 

1800 

380 

1500 

1800 


Inches 
39-0 

561 

65-5 

741 

69-9 


Inches 
48-3 

79-3 
74-2 
81-0 


Inches 
54*8 

48*3 

91*6 

85-5 



The following table of average depths of rainfall in the 
same district shows how very greatly these depths may vary 
in localities which are at no great Stance from each other. 
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and conseqaentlj liow important it is to stodj with 
attention where the rain gauges should be pbeed : — 







1 


Loch Venelcar 
Bridge of Txak 
Glengyle 
LochDhn 


7cet 

275 
270 
380 
325 


4 
11 
11 

4 


•4-7 
•0^ 
92-4 

91-7 



Monntaiii gauges 


Hflght abow 


Vvmbad jtmn 


wttmtm^a 


Loch Dmnker 

Between Glen EinlaH and 

GlenLedi 
Between Loch Chon and) 

Loch Katrine ) 
On Slope of Ben Lomond 


Feet 

420 

1800 

830 

1500 

1800 


10 

4 

10 
11 


59-9 
86-2 

84-8 

91-9 



Where the gathering gronnd from which it is proposed to 
collect a snpply is very extensive, and where the lerels yary 
greatly ; where the exposures differ yery mnch and the con- 
figuration is very irregular in some plac^ and at others yery 
flat; where there are numerous streams and tributaries; 
where the geological formations vary at all ; where there are 
sands, clay, gravel, or rock ; — under these circumstances the 
accurate gauging of streams and of rain&U becomes very 
intricate, and it is frequently difficult to reconcile dis- 
crepancies. 

Almost always there will be a much heavier rainfall on one 
side of a chain of hills than on the other. The number of 
troughs or valleys towards the summit of hills will form 
catchment basins for clouds, where they will deposit rain, 
and on mountains where these do not occur, the clouds will 
often pass on without depositing any of their watery 
contents. 

The amount of rainfall increases generally with the rise of 
levels, bufc more rain falls on the flanks of mountains than at 
their summits, more particularly under the conditions above 
referred to. 

In the West of England it is generally found that after 
the clouds come over the westerly summits, a large amount of 
water is caught in the first troughs of a valley ; so that at a 
much lower point on one side of a ridge there may be a 
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heavier rainfall than at a higher level on the other side of 
the ridge. 

Where the sides of the hills surrounding a gathering 
ground are steep, the rainfall will flow off rapidly into the 
streams, and more particularly where a rocky stratification 
shows itself on the surface, and there is not much room for 
absorption and percolation. 

On flat tablelands and moorlands, with a great depth of 
absorbing and undrained material, there may often be heavy 
rainfalls, which will be detained and evaporated, but from 
which, being drained, a large amount of water would flow off 
at a lower level. After a long wet season, however, the 
absorbing material becomes saturated, and much of the rain 
will then flow rapidly off the surface at once, but sometimes 
a much larger quantity will percolate down to an imperme- 
able stratum, from which it will flow off in springs ; the pro- 
portionate quantities given off under these circumstances may 
greatly depend on the nature of the materials, some of which 
vrill hold water much faster than others, and on the angle of in- 
clination of the substratum over which the water has flowed. 

The same observations will bear upon the sands and gravels 
overlying such formations ; for instance, Lias and Oolites. 
Areas of many square miles under the Lower Greensand 
overlying the former formation are often, even after very 
heavy rains, perfectly dry, because the water, at first ab- 
sorbed and detained, has been afterwards discharged at a 
lower level by reason of the inclination of the substratum ; 
and frequently this happens at some hundreds of feet lower, 
where a great deal of water may be found. The inclination 
of the lower beds will determine on which side of a hill 
the water will flow out, except such portions as may meet 
with a large rent or fault, and which may be carried off in 
another direction. 

The aspect of mountains and hill sides, and of the troughs 
and subsidiary valleys with which they are furrowed ; their 
proximity to the sea and their altitudes; their geological 
construction and the configuration of such construction ; the 
inclination of the sides and of the geological formations, and 
whether or not these form basins of absorption ; the over- 
lying materials ; — all these are important elements as to the 
amount of rain fallen, the evaporation and absorption, and 
the discharge of water : it will be seen that great dis- 
crepancies frequently must appear to rise between the 
amount of rainfall and the discharge of water from a given 
district, until by proper observations such discrepancies are 
reconciled ; to accomplish this satisfactorily often consumes 
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a greater amount of time than may at first sight be imagined ; 
frequently, however, it has to be done. 

It will be seen that over an extensive gathering ground 
with any such characteristics as we have above referred to, 
numerous gauges to measure the rainfall, and numerous 
overfalls to gauge the quantities discharged by the streams 
are often absolutely necessary where we look for anything 
like close approi'mations to tiie quantities of water that may 
really be obtained. 

We may have parallel valleys of greater or less magnitude 
drained by streams and tributaries, and of which the con- 
formation at the surface and the geological configuration 
underneath may be such that one valley may, as it were, 
completely rob the other, both as regards rainfall and dis- 
charge of water absorbed ; but the extent to which this may 
occur can only be ascertained by careful gauging, both of 
streams and rainfall. This fetching of water by one valley 
from another often takes place for great distances and far 
beyond the apparently legitimate range of any particular 
gathering ground. 

In the chalk, unless where the sides of the hills are steep, 
a large proportion of the rainfall is absorbed, and carried 
down to flint beds, where it is stored in large sheets of water ; 
in this formation, also, water is often fetched from great 
distances by a flat underlie. The water is hard, though a 
most agreeable drinking water. 

The Silurian formations, the granites and the older rocks 
generally, as well as volcanic ^stricts, throw off water very 
rapidly; these and the millstone-grit formation are all 
favourable for giving fine soft water. 

Sandstones and shales form excellent filters, and the water 
fiowing from them is always very pure, and generally of one 
or two degrees of hardness. 

The Old and New Eed Sandstone formations have great 
powers of storing water, as exhibited by the numerous wells 
formed in these formations. 

It often occurs that in gathering grounds, otherwise ex- 
cellent, there may be portions yielding water of an inferior 
character, such as that flowing from decomposing peat, or 
from a tract of land highly manured, or from a metalliferous 
district ; the quantities of water discharged from such dis- 
tricts have generally to be ascertained. Similar observations 
may have to be made as to quantities of hard and soft waters, 
and of the purest, flowing from one gathering ground. Such 
may be required for dye, print, and chemical works ; we may 
have to ascertain the quantities of water discharged by 
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streams appropriated by existing mills or other interests, and 
also of such waters which it may be desired to substitute for 
them. 

Enough, we suppose, has now been said to explain the 
importance of careful examination of extensive gathering 
grounds, not only as regards formation and configuration, 
but also as regards the position of stream and rain gauges. 

Where a number of rain gauges are used it is more than 
desirable that they should all be of exactly the same dia- 
meter ; this may be from 6 to 12 inches, at the option of the 
observer ; their being all of one size obviates the necessity 
of their being more than one graduated measuring glass ; 
and, as this is an important though very simple instrument, 
we will say a few words about it, because, unless care be 
taken, it is very likely to get broken. 

The area of the rain gauge funnel, multiplied by 252*458, 
the weight in grains of a cubic inch of distilled water, and 
the product divided by 437'5, the number of grains in one 
oz. avoirdupois, gives the weight in ounces of one inch depth 
of rain over the area of the rain gauge ; then the depth of 
any cylindrical glass, containing such quantity of water and 
graduated into tenths and hundredths, will give the depth of 
rain over the area of the gauge. K, for instance, the diameter 
of the rain gauge is 7 inches, then the area will be 38*4846 
inches, and we shall have 

38*4846 X 252*458 ^^ 

437:6 -22*205. 

Then any glass containing 22*205 ounces of water, and 
graduated as above, will give the means of measuring the 
depth of rain which has fallen on the gauge. 

The above calculations are shortened by using the constant 
0-577 ; thus 38*4846 x 0*577 equal to 22*205, and the same 
for any other area of gauge ; then as a general rule we 
have the square of the diameter of the area of gauge 
X 0*7854 X 0*577, which gives the weight in ounces of one 
inch depth of rain over the gauge. The same result will of 
course be obtained by simply multiplying the square of the 
diameter by the constant 0*45317. 

Where we have any glass of a given diameter, and we 
wish to find the depth that shall contain a quantity of water 
equal to 1 inch distributed over the area of the rain gauge. 
Divide the weight in ounces of such inch of water by the 
square of the diameter of the glass multiplied by the above 
constant 0*45317; the quotient will be the depth of the 
glass, which, divided in tenths and hundredths, gives the 
graduations required. For instance, let the glass be 4 inches 
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in diameter, and the diameter of the gauge 7 inches as 
above, then 

22-205 „ „„ . , 
^fr^^,^^g3yy= 3-06 inches. 

The hydranlic inclination of streams and rirers is foand 
practically by dividing the head of water by the length. 

The hydratdio mean depth is the sectional area of water 
divided by the wetted border or perimeter. 

The mean velocity is found approximately by multiplying 
the maximum velocity, which is at the surface and centre <n 
a current, by the foUovring co-efficients : — 
0*81 for small channels 
0-835 fbr lai^ channels, bat not irregnlar rivers. 

For crooked channels, with shallow streams over beds 
of stones and weeds, the above co-efficients may be reduced 
to 0-7. 

The snr&ce velocity of streams may be meaenred by floats ; 
where we have nothing better at hand, a slice of apple makes 
a very good float ; the velocity with which this flows over a 
hundred feet of the stream shonld be ascertained by repeated 
experiments. 

To measure the discharge of rivers by mean velocities, we 
should have a section across the breadth, and, according to 
ineq^talities in the bed, this breadth should be divided into 
sections, and mean velocities obtained for each of these. 




The current meter is a useful mstrument for measuring 
the velocity of streams at any depth of water ; we here give 
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a figure of this instrament. a is a rod to sink it to any 
required depth; c, is a vane or *fly/ the axle of which 
carries an endless screw turning a graduated wheel b, which 
indicates the velocity ; f, is a plate which steadies the in- 
strument, and keeps it verticaL 

By giving a slight pull to the line d, the instrument is 
released. The velocity of a stream may be ascertained at 
any depth, and a suitable average velocity may be taken to 
ascertain the discharge. The current meter is usefdl also to 
ascertain the velocity of under currents. 

The constant for every current meter must be ascertained 
by experiment. 
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CHAPTER Xn. 

OFFICE WOEK. 

LAND QUANTITIES — PLANIMBTBB — EEDUCING PLANS — PANTAGRAPH 

EIDOOBAPH. 

AscEETAiNiNG land quantities from plots, or scaling, as it is 
termed sometimes, is a most tedious operation, when we liave 
any large quantity to deal with ; the method abnost always 
adopted in practice is to reduce the figure to be scaled to 
some parallelogram, or divide it into triangles. The plani- 
meter of Messrs Elliot, here illustrated, shortens this very 
tedious operation, e and f are two points at the ends of 
the moveable arms, A and b ; when in use the instrument 
rests on these two points, and on a third, being that part 
of the graduated wheel d which is tangent to the paper. 
G is a graduated disc connected with an endless screw, and h 
is a vernier to the' wheel d. 




In the operation of computing with the planimeter, place 
the point e conveniently on the paper, so that the tracer f 
may be in a position to be run over the greatest possible 
portion of the periphery of the figure to be measured ; then 
read off the instrument ; trace the contour a second time and 
again read off; subtract the first reading from the second, 
and multiply the remainder by 10, which gives the reading 
in square inches, with two places of decimals. Let the first 
reading of the disc a be 2, that of d equal to 80, but with the 
vernier reading instead of 80 let it be 805 ; then the reading 
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of the instrament at starting is to be set down as 2*805 ; let 
the second reading be 7*553 ; this, minus the first, equal to 
4*748, which multiplied by 10 equals 47*48 as the contents 
in square inches. 

In tracing the periphery, observe whether the disc G per- 
forms an entire revolution, for in that case 10 must be added 
to the unit in the last reading. If, for example, the second 
reading above had been 7*558 plus an entire circuit, then 
we should have had 7*558 plus 10 equal to 17*553, firom 
which subtracting 2*805 and multiplying the remainder by 
10, we get 147*48. If the periphery is too long for the 
instrument to trace at once, the figure may be divided into 
two or three. The instrument is constructed to give areas 
in other denominations than square inches; but this is a 
very convenient one for the English Ordnance Map of one 
inch to the mile, in which the above computation would give 
147^ square miles. 

Let us now suppose that we are computing firom a plan 
with a scale of 5 chains to the inch ; 5 chains square is equal 
to 250,000 square links ; fix)m this we obtain the constant 
by which to multii)ly the number of square inches found 
with the planimeter to reduce the area to square links. 

Then for a 1 chain scale we shall have 100 

400 

900 

1,600 

2,500 

3,600 

as constants by which to multiply the square inches found 
with the planimetor, to reduce them to square links, which 
will be the more easily remembered, fi*om the multipliers 
being the square of the number of chains to one inch, with 
two zeros added. 

Reducing plans is a simple operation, which, however, 
requires care and some practice, because the reduced plans 
are often required at short notice. The work of reducing 
is often done with proportional compasses, but we prefer 
having this done by squares ; that is to say, the plan to be 
reduced is divided into a certain number of squares, each 
perhaps ten chains wide. The paper on which the reduced 
plan is to be drawn is then divided into the same number of 
squares, but adopting the proper reduced scale for the width 
of the smaller squares. 

When the plan to be reduced is of any great extent, a 
large amount of labour is saved by making use of the panta- 
graph or eidograph, represented in the following figures. 





2 








3 








4 








5 








6 







THE PANTAOBAPH. 173 

The pantagraph comdats of four flat rulers, made either of 
wood or brasB ; the two oatside ones are generallj from 




15 to 24 inches long, and the others abont half that length ; 
the longer ones axe united together bj a pivot, abont which 
they turn, and the two smaller mlera are sinularlj attached 
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to each other, and to the longer rulers. A sliding box is 
placed on each of the arms, ab and on, which may be fixed 
by a clamp-screw at any part of the ruler; these slides 
carry a tube, to contain either a blunt tracing point, a pencU 
or pen, or the fulcrum b, which is a heavy weight of lead, 
having a point on the under side, to pierce the drawing 
board and remain immovable in its proper position, it being 
the centre upon which the whole instrument turns. Several 
ivory castors support the surface of the machine parallel to 
the paper, as well as facilitate its motions. 

Two of the arms are graduated and marked with the ratios, 
J, ^, &c., so that when a copy of a plan is required to be 
made in any of these proportions, it is only requisite to fix 
at the required ratio the slides carrying the fulcrum, b, and 
the tube, with a pencU or pen, and the instrument will be 
ready for operation. Thus, suppose it were required to make 
a copy of a plan exactly one half the size of the original ; 
the slide carrying the pencil, and that working on the fulcrum 
B, are each fixed by their respective clamp-screws at the 
divisions marked ^ ; the original plan is placed under the 
tracing point, and exactly parallel to it is placed a sheet of 
paper under the pencU, the pentagraph being spread out so 
as to give room for the tracing points to be passed over every 
line on the plan ; whUst the pencil is making corresponding 
marks on the copy, which it is evident will be equal to one 
half the size of the original. A fine string is attached to 
the pencU-holder, and passed round by e to G, the tracing 
point, the pulling at which raises the pencil a small quantity 
above the paper, to prevent false or improper marks upon the 
copy. It should also be remarked, that the cup represented 
on the top of the pencU-holder is intended to receive a weight, 
to keep tiie pencil down upon the paper, or when a stronger 
mark is required. 

When the instrument is set for work, the tracing point, 
the pencil and the fulcrum, must in all cases be in a straight 
Ime, which may be proved by stretching a fine string over 
them. 

When it is required to make an enlarged copy of a plan, 
the setting of the instrument is precisely the same as above 
stated, only the tracing point and pencil must change places, 
the original being placed under d, and the copy under c. 
But when a copy is to be made of the same size as the 
original, the fulcrum must be placed in the middle at d, and 
the pencil at b, under which will be the copy, whilst the 
original must be placed under the tracing point at o. 

The eidograph, which is represented in the accompanying 
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engraviiig, is a tar superior instrmnent to the pantagraph, 
bemg more exact in its work, and not so limited as regards 
ratio of reduction. 




The point of support when the inBtroment is at work is a 
Leavy weig ht shown at h, &oin the under side of which three 
or four projecting needle points fix the inetrument firmlyto the 
drawing paper, Springing &om this weight is a short stan- 



176 

dsrd or lalenimy attafhfd to a sfidrng-Inx, k, in ivluch flUdes 
the centre beam, c, and to anr pait of which it maj be 
danqied br means dS. a damping soew. 

At the Old of the eentral beam aie two poDej wheels, j j, 
the eentie pins of which lerolre in BoeketB at the ends of the 
beam. Two sted bands, 1 1, attached to the poDej wheels, 
gire tiiem an exactlr snnnltaneoas motkm, and these bands 
haTe a soew acyusbnent, k, bj means of idiich thej maj be 



The arms a and b aie made to slide through boxes under 
the puIleT wheels, and mar be clamped at anj proportion of 
their lengths in the same manner as the oentzal beun, c, may 
be made to slide and damp in the box x. 

The arm b cazries a tracing point, g, andthearmAcanies 
a pencil point, d. The pendl holder mar be raised bj means 
of a cranked lerer, f, attached to a cordis, which passes over 
the centre beam, and thence to the tracing point, o. 

The two arms and the beam are divided into 200 eqoal parlB, 
which are figured 100 each way from the centze, and may be 
read to 1000th by means of the Temiers on the sliding-boxes. 

There is a loose weight which may be attached whiOL the 
instroment has been set, and the object of which is to steady 
it when there is a great difference in the proportions to 
which the instroment is being worked. 

It win be observed that the pulley wheels give the easiest 
possible motion; these wheels should be of exactly equal 
diameter, and as they are turned in a lathe, this equality may 
be obtained to the greatest perfection. 

To bring the instrument into adjustment, let the yemiers 
be set to zero, which will bring them to the centres of the 
arms and of the central beam; place the arms at right angles 
to the beam, as near as yon may guess, and make a mark 
with the tracer and pencil point, and turn the instrument 
round so as to bring the pencil point into the mark made by 
the tracer; by doing this you will make the tracer move to the 
mark previously made by the pencil, exactly if the instaru- 
ment is in adjustment ; if otherwise, the error in difference 
should be bisected, and the adjusting screws on the band 
should be moved until the tracing-point comes exactly into 
the bisection. 
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CHAPTER Xm. 

ELEMENTARY PLAN DRAWING. 

MANAGEMENT OF DRAWING PAPER; MOUNTED PAPER — STRAINING DRAWING 
PAPER — STRAIGHT EDGES — SCALES — DRAWING PENS AND INK — COLOUR- 
ING PLANS. 

There are two kinds of drawing paper used in the prepara- 
tion of plans — ^monnted and nnmonnted ; the mounted paper 
may be purchased of almost any length, sheet after sheet of 
yarions widths being pasted on linen, or on what is called 
* union cloth ;' and it is generally on this paper that railway 
plans are prepared. The paper, however, is generally of an 
inferior quality, and rather thin; for plans of a superior 
quality, where there is much drawing or colouring, it is 
better to order a few sheets of the best drawing paper to be 
mounted at some of the large stationery establishments, such 
as Spottiswoode's, Waterlow's, Vacher's, or Metchim's, all 
in Parliament Street ; we mention these, because they have 
great facilities for executing an order at once ; the dimen- 
sions of the paper used for this purpose are generally 
imperial, 3(r'x22"; atlas, 34"" x 26''; double elephant, 
40'' X 27'' ; antiquarian, 53" x 31". 

Sometimes, however, we are placed in situations where we 
are obliged to mount our paper ourselves ; this often occurs 
abroad. To mount paper on linen or caUco, the cloth should 
be laid upon a large smooth board of su£&cient width and 
length : the cloth should be damped, and the edges should be 
tacked down to the board, the tacks being pretty close toge- 
ther, and care should be taken not to pull upon the edges of 
the cloth ; it should lay on the board just flat and smooth. 
Or we may lay a long flat rule about half an inch from the 
edges of the cloth, and glue them down to the board, laying 
on the glue hot and rather thick, with a flat brush about 
a quarter of an inch wide ; it is not difficult to do, but re- 
quires a little care not to strain the cloth ; if it has been 
damped and laid flat, it will lay smoothly on the board. 

Having laid down the cloth, the next operation is to lay on 
strong paste, with a large soft brush ; in doing this, do not 
pull at the cloth with the brush, but work the paste well in ; 



J 



178 STRAIXIXG DRAWING PAPER. 

tliis will not only ensure a better contact with the paper, but 
^vill also prevent the cloth from shrinking. 

The edges of the sheet of paper should be cut very straight, 
and if the paper is thick, the edge of the paper at the back 
may be thinned down with glass paper ; the sheets of paper 
maj now be laid down on the cloth, the sheets overlapping 
each other by about one-third of an inch ; if the paper is large, 
it will take two persons to lay each sheet, and they must take 
care to lay the paper flat without pulling at the sheets. If 
the paper is thick, it is well to let it lay a few minutes after 
the paste is laid on, the sheets will then expand and will dry- 
much smoother on the cloth ; if the paper has not been well 
wetted, it will be apt to rise in bladders here and there over 
the cloth. 

This done, the mounted paper should not be interfered 
with for a day at least, even in a warm climate ; when dry, 
it should be cut off the board, but before it is used, it should 
if possible have a good ventilating, and be exposed to the 
sun, first on one side and then on the other. Fiesh mounted 
paper is apt to contract very much. The cloth should be at 
least a couple of inches wider than the paper. 

STRAINING DRAWING PAPER. 

Straining a sheet of drawing paper on a drawing board 
appears one of the most simple things imaginable: but 
a Uttle experience shows that it is not quite so easy as first 
thought. The drawing board should be clean and perfectly 
smooth, and when we have to produce a plan with more care 
than usual, it is weU to examine the sheet held up to the 
light in order to see that it has no flaws. It is well to cut the 
edges of the paper straight and smooth, with the help of a steel 
straight-edge, and pretty square. The best side of the paper 
is generally that on which we can read the water-mark in the 
comer, and this side should be kept for drawing on ; the 
other side should be wetted with a sponge and clean water. 
We always begin wetting the sheet well at the centre at first, 
and gradually damping towards the edges, but we always 
leave about an inch at each edge untouched. When suffi- 
ciently damped, the paj)er will begin to bag, and this should 
be pretty equally all over the sheet, but i)erhaps a little more 
in the centre. As soon as the gloss arising from the damp- 
ing with the sponge has passed off, the paper is ready to be 
strained. 

We now requii-e a long flat wooden niler, a stout piece of 
glue, flat and straight, and a little boiling water. 
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We may now turn the paper over on the drawing-board, 
that is, with the wetted side downwards ; do this quietly, 
without straining the paper, which on being turned over 
should be laid with its edges parallel to those of the drawing- 
board ; if they do not come so at first, the paper should be 
quietly lifled bodily off^ and then laid down so that the paper 
shall lay parallel with the board. 

The flat ruler should now be laid on the paper at about half 
an inch from either of the longest sides, and be gently pressed 
down thereon, so as to hold it firm, but not so as though you 
wanted to press the wood into the paper ; you may now dip 
one end of the glue into the boUing water, half an inch deep 
or so, so that it may be partly dissolved. 

Beginning at the middle of the edge of the paper, pass the 
moistened glue once or twice along the tumed-up edge of 
paper towards one of the ends, the ruler being of course held 
steady ; then pass the glue again moistened from the middle 
of the edge towards the other end. 

You may now put down the glue and take up an ivory 
handled kmfe, or tilie handle of a stiff paper-knife, or some-r 
thing of the kind, and pass it firmly along the glued border 
laid flat to the board, and still working from the centre 
towards either end ; the rule should not be moved until this 
is done. If sufficient glue has been applied to the paper, not 
too wet and not too thickly, the edge of the paper will now 
adhere flat to the board. 

We may now move the ruler to the opposite longer, 
but not adjacent side, and serve it in the same manner; 
working from the opposite sides makes the pull on the paper 
when drying square with it ; it would otherwise be oblique 
or askew. Having thus laid down the longer opposite sides 
we take to the shorter ones. 

We have given the above simple instructions as for the 
large sized paper, double elephant or antiquarian, for 
instance ; and having laid down some hundreds of sheets, we 
know the suggestions are safe, and that by these means a 
lai^e-sized sheet of paper may be laid down in a few minutes, 
to lay as tight as a drum and as smooth as water. 

STEAIGHT-EDGES. 

Unless we use the T square, probably a straight is the first 
instrument we use on sheets of paper, to draw long straight 
lines. Straight-edges are generally made of steel, and are 
generally now what they are professedly sold for, that is, 
straight. When there is any doubt about it, one way to test 
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is to lay it on a flat sheet of paper, and to draw a long 
straight line along one edge ; then turn it end for end, and 
lay it on th'^ line, and see if it coincides ; then turn over 
the other side, and try it that way on the same line, and 
again end for end. Repeat the same operations by sliding it 
along the line, three-quarters and half-ways. If the line and 
the edge coincide throughout these trials, there is not much 
to fear. It is just possible, however, that the straight-edge 
may bulge inwardly or outwardly, on both sides and equally 
from the centre ; to test this, we may draw the straight-edge 
about half an inch from the line and load it ; we may then 
stretch a fine black silk thread as tightly as it will bear, from 
one end to the other of the line we have drawn, and if the 
two coincide, it will be another favourable test. 

Another way to try them is to take two straight-edges, and 
rest them endways on a table, and bring two edges close 
together ; if any light can be perceived between, there is a 
defect in one of them at least ; they may then be turned end 
for end, and tried in the same way ; and then the other side 
of one of these may be applied in the same manner. To test 
to any purpose in this manner, it is necessary that they i 

should stand quite upright ; or one may be laid flat on edge 
and another laid upon it, and we may again try and see if the 
light appears between the edges. To try a straight-edge in 
this way, one of them in fact should be straight to our 
knowledge, and altogether we believe that the first method 
of testing we have described is as good as any if properly 
applied. 

In drawing a straight line along a straight-edge, as for the 
base line of a survey or for a datum line, we should take care 
to have a really fine, sharp-pointed pencU ; this should be held 
vertically, as the line is gently drawn with the side of the 
pencil point close along the straight-edge, and without any 
wavering as the hand moves along from end to end of the 
straight-edge. 

When with a straight-edge perhaps only five feet long, we 
have to draw a line that is to be twenty feet in length, more 
or less, some precautions are necessary. First, draw in a line, 
from end to end of the straight-edge, and turn the edge over 
to try the line with the other side, then draw the straight- 
edge half along the line and produce it ; repeat this ; then 
test the whole with the silk thread, which will be a good 
check, provided the paper lays flat. We may in this manner 
draw a straight line of considerable length ; but this again 
is a simple operation, which sometimes requires considerable 
care. In doing this for a datum line, which will not be very 



SCALES. 181 

far from the lower edge of the paper, we should, after deter- 
mining the distance of one end of the line from the edge, 
say three inches, lay off this distance from the edge of tiie 
paper at about every foot in length. This will serve for the 
general direction of the line, and prevent our running the 
risk of drawing the line much too high up one side of the 
paper ; we refer here to very long lines. 

SCALES. 

Scales are measures with which we lay off the lengths of 
lines, or measure them on paper. They are made of ivory or 
boxwood, the first being certainly the neatest, and also the 
best where the divisions are small, say sixty to the inch. We 
have lately tried some made of ebonite, on which the divi- 
sions are shown in white, on black of course, instead of black 
on white or light yellow. We have every reason to be satis- 
fied with them, as we find the divisions, as might be expected, 
read very much clearer than on the ivory or boxwood ; this 
is a very great comfort, particularly for working at night or 
on dull days. 

The ordinary divisions on scales are 1, 2, 3, 4, 5, 6, 8, 10, 
main divisions to the inch, and these are, for chain scales, 
termed 1, 2, 8, 4, &c. chains to the inch ; these divisions are 
all marked in numerals, which read 1, 2, 3, 4, &c. chains to 
the inch ; and the chain may be 100 feet or 66 feet ; we have 
referred to this in our first chapter. But these main divi- 
sions are subdivided into ten, and each of these reads 10 feet 
or 10 links of Gunter's chain ; this at once shows the neces- 
sity of writing in on a plan, from the first day of plotting, 
the scale used, and whether it is in feet or links, the laiter 
being a measure, as an engineering one, which probably we 
shall be rid of some of these days. 

These same scales, however, may be made to read in 
another way, and that is 1, 2, 8, 4, 6, 8, 10 feet to the 
inch, in which case each subdivision will show the tenth part 
of a foot. 

And again the same scales may be used for drawing in 
work, at 10, 20, 30, 40, 50, 60, 80, and 100 feet to the inch, 
in which case each subdivision will read one foot. 

In laying off a length along a hne with a scale, it is always 
well to check, by applying the scale, so that it shall read 
backwards. We advise the beginner always to do this ; it is 
a simple check, and may prevent his spoiling a week's, or 
even a month's, work. The writer is not a beginner, but it is 
a precaution which he always adopts. 
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DRAWING PENS AND INK. 

Lines are drawn first in pencil, and then generally in 
Indian ink with drawing pens ; of these the dbiuughtsman 
should have three or four, of diflferent sizes, and of different 
thickness of nib, to draw different thickness of lines. The 
best drawing pens are made jointed, so that by unscrewing 
the nibs, the inside of a pen may be wiped clean. In drawing 
lines with a drawing pen, it should always be held vertical. 
A very fair way to begin learning how to use a drawing pen 
is to draw one hundred parallel lines about 18 inches or 2 feet 
long, in the breadth of an inch, and so that when seen at a 
little distance, there should only be one shade of grey ; if the 
work looks darker in some places than in others, it is because 
the lines are there too thick. 

The Indian ink used in drawing should be tolerably thick, 
but this can only be understood by a little experience ; it is, 
however, soon learnt ; the lines should be dark, however fine, 
and not pale. When grinding up Indian ink, do not be 
afraid of having a little too much, and when at work, always 
keep your ink covered with a saucer, it preventa its becoming 
dusty, and getting thick and muddy. Keep your paper clean; 
do not touch it with the hands more than you can help, as 
the hand makes the paper greasy, more particularly in hot 
weather, and you will never get clean sharp lines when once 
the paper has acquired this defect. Do not use the TnfliaTi 
rubber more than is absolutely necessary, as this makes the 
paper * fluffy.' If after working some time you find the ink 
does not run freely from the pen, you may amend this by 
passing a slip of paper between the nibs. 

In drawing with pen and rule, keep your pen upright, and 
sufficiently against the edge of the nue as to be guided by it, 
but not pressing against the edge, as this wiU produce wire- 
drawn lines, that is, of unequal thickness, and with a wabbling 
appearance. Begin inking in over your pencil Unes by 
working from the top of the paper towards the bottom; 
this will prevent your running the risk of smearing your 
work. 

Keep your pens and drawing instruments so that they vdll 
not get knocked about ; it is easier to spoil a drawing pen 
than it is to mend it ; keep your stick of Indian ink so that 
it will not get * smudgy ' or greasy. 

In plan drawing, the lines of buildings are drawn in with 
the drawing pen and rule ; lines of fences, roads, rivers, &c. 
are drawn in with the drawing pen by hand over the pencil 
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line, that is without the help of the rule ; the banks of little 
brooks, where neatness is required, are best drawn in with 
the lithographic steel crow-quill. 

COLOUEING PLANS. 

We wish now to say a few words about colouring plans. 
It is true that this in no way affects the accuracy of a plan, 
but it is equally true also that it looks well, that it pleases, 
and shows that the draughtsman has taken pains with his 
work. We have known a case where a wealthy landowner 
stopped the survey of an extensive estate which he had 
ordered, simply because the plan looked ugly. 

The colours used for plan drawing are principally the fol- 
lowing : Indian yellow, gamboge, yellow ochre, burnt sienna, 
cobalt blue, and Prussian blue, carmine or lake, neutral tint 
or Payne's grey, and olive green. Hooker's green, and one or 
two more. 

These tints of green are very convenient, particularly when 
large areas are to be coloured in one tint. With cobalt blue 
or Prussian blue mixed with either Indian yellow, gamboge, 
or burnt sienna, we may produce almost any number of tints 
of green, but if any of these are thrown away, and again 
wanted afterwards, it is very difficult to reproduce the tints 
exactiy. 

By mixing any blue,red, and yellow, in different proportions, 
we may produce a great number of neutral tints, but the 
same observation holds with regard to them as with regard 
to the greens. We prefer mixing those colours where we 
want to produce reliefs, as, for instance, in foliage or cliffs. 

Pasture and meadow lands are coloured green, using a 
different tint for each, and another for water meadows, or 
irrigated lands, introducing a littie cobalt or Indian blue, 
according to whichever produces the most agreeable tint ; 
these little matters can only be ascertained by trials and 
laying one tint alongside of another. 

Arable lands are shown either with yellow ochre or burnt 
sienna, the furrows being shown by parallel lines, every third 
of which should be stouter than the other two ; these lines 
should not be drawn by rule, but by hand. 

Water in rivers, lakes, ponds, or the sea, are shown in 
cobalt, softened off with water at the edge, and then picked 
out with Prussian blue along the shore fines by means of a 
fine pointed brush. These two colours are all that are 
required to produce the best effects for water, but nothing 
but practice and a little taste wiU enable the student 
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(Iraiightsiiian to ticqiiire a correct way of handling the sub- 
ject. 

Some fair samples of foliage are shown in some of the 
plates accompanying this volume, but they are in black and 
white. Where trees are to be produced in colour, one of the 
first things to do after they have been drawn in pencil is to 
get in the shadows in grey or cobalt, using the same colour 
for the first shadows in the foliage ; the lights may then re- 
ceive a touch or two of gamboge, or burnt sienna, and then 
the greens may be got in ; finally, we may pick out here and 
there with Prussian blue ; of course different tints are to be 
used for trees that differ most in colour, and if the point of 
the brush is handled nicely, some of the characteristics of 
different foliage may be obtained. 

To produce the effect of marsh land, two brushes should be 
used on one stick, the one with green and the other with 
blue ; and these should be used so that at the edges one 
colour should run gently into the other, but without producing 
a patch. 

Roads are coloured in burnt sienna, shaded with the same, 
and the shadow softened off towards tiie centre of the road. 

A great deal of effect may be displayed in some of the 
cliffs ; oolites, and such like may be shown with yellow ochre 
picked out with burnt sienna, and a little neutral tint for 
shadows. 

The red sandstones may be got out best with Indian red 
and cobalt. 

Gravels and the lower greensand may be shown with 
burnt sienna and a little neutral tint, and chalk cliffs may be 
represented by white, shaded with a neutral tint, which may 
be made up of cobalt, lake and gamboge ; mixed in different 
proportions, these will produce any variety of neutral tint. 
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" The entire work f^xea evidence of the display of a large amount of care and judgment by the 
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" A venr excellent record of public works in progress, or completed in I86i.** —A rtinn. 
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FIRES, FIRE-ENGINES, AND FIRE-BRIGADES; with a Hist^ of Manual 
and Steam Fire-Engines, their Construction, Use, and Management ; Remarks 
on Fire-Proof Buildings, and the Preservation of life from Fire ; Statistics of the 
Fire Appliances in English Towns; Foreign Fire Systems; Hints for the formatioft» 
of, and Rules for, Fire-Brigades ; and an Account of American Steam Fire- Engines. 
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shades for artists, excitement for all. But now it may be said that there is in London a species 
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which wo are acquainted. 'Fires, Fire-Engines, and Fire-Brigades' is the production of an 
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and a firm determination to do it justice .... The Rtj'lo of the work is admirable .... It h^ 
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** A useful compendium on all branches of the exciting subject of fire." — Builder. 
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Now ready, post 8vo, nearly 500 pp. and 400 illustmtions, price 12*. 6d. cloth. 

THE STUDENT'S TEXT-BOOK OP ELECTRICITY; including Magnetism, 
Voltaic Electricity, Electro-Magnetism, Diamagnetism, Magneto-Electricity, 
Thermo-Electricity, and Electric Telegraphy; beinfi^ a condensed rSsnmi of the 
Theory and Applications of Electrical Science ; including its latest practical Develop- 
ments, particularly as relating to ASrial and Submarine Telegraphy, and every recent 
Discovery. By Henry M. Noad, Ph.D., F.R.S , Lecturer on Chemistry at St. George's 
Hospital, Author of *' A Manual of Chemical Analysis," " A Manual of Electricity.'* 

In this work it has boon the author's endeavour to present a faithful reflex of the present state 
of electrical science. The work being specially intended for the use of students, much con- 
densation was necessary in order to bring it within the limits of a moderate sised volume. It 
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practical applications of the science. In carrying out the desigfn of the book, the author has 
avtiiled himself freely both in the matter (in a condensed form), and of the illustrations, of his 
" Manual of Electricity," but the present volume will be foimd to contain much additional and 
important information, which has become available since the publication of that work. 
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Now ready, with numerous wood-cuts, 12mo, price 12». cloth. 

THE ENGINEER'S, MINING SURVEYOR'S AND CONTRACTOR'S FIELD- 
BOOK. By W. Dayis Haskoll, Ciril Engineer. Second edition, much 
enlarged, consisting of a Series of Tables, with Rules, Explanations of Systems, and 
Use of Theodolite for Traverse Surveying and Plotting the Work with minute aoouraoy 
by means of Straight Edge and Set Square only ; Levelling with the Theodolite, Cast- 
ing out and Reducing Levels to Datum, and Plotting Sections in the ordinary manner ; 
Setting out Curves with the Theodolite by Tangential Angles and Multiples with 
Right and Left-hand Readings of the Instrument; Setting out Curves without 
Theodolite on the System of Tangential Angles by Sets of Tangents and Offsets; and 
Earthwork Tables to 80 feet deep calculated for every 6 inches in depth. 

NOTICES OT THB FIBST EDITION. 

*' A very useful work for the practical engineer and surveyor." — Railway Newt. 

" The book is very handy, and the author might have added that the separate tables of sines 
and tangents to every minute will make it useful for many other purposes, the genuine transverse 
tables existing all the aaxae^^Athetueum. 

*' The work forms a handsome pocket volumo, and cannot fail, from its portability and utility, 
to be extensively patronised by tno engineering profession." — Mining JoumcU. 

" We know of no better field-book of reference or collection of tables than that Mr. Haskoll has 
given. " — A rtizan. 

A series of tables likely to be very useful to many civil engineers."— J?uW<iin(7 Neiet. 
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Just published, 12mo, Ss., cloth. 

TABLES FOR THE PURCHASING OP ESTATES, Freehold, Copyhold, or 
Leasehold ; Annuities, Advowsons, &c., and for the Renewing of Leases held 
under Cathedral Churches, Colleges, or other corporate bodies ; for Terms of Years 
certain, and for Lives ; also for Valuing Reversionary Estates, Deferred Annuities, 
Next Presentations, &c., together with Smart's Five Tables of Compound Interest, 
and an Extension of the Same to lower and intermediate Rates. By William Inwood, 
Architect. The 18th edition, with considerable additions, and new and valuable 
Tables of Logarithms for the more Difficult Computations of the Interest of Money, 
Discount, Annuities, &o., by M. Fedor Thoman, of the Soci^t^ Cr6dit Mobilier of Parb. 

This edition (the 18th) differs in many important particulars trota former ones. The 
changes con^st, fint, in a more cdnvenient and systematic arrangement of the original Tables, 
andm the removal of certain ntimerical errors which a very careful revision of the whole luu* 
enabled the present editor to discover ; and teeondlp, in the extension of practical utility conferred 
on the work by the introduction of Tables now inserted for the first time. This new and 
important matter is all so much actually added to Inwood's Tables ; nothing has been abstracted 
from the original collection : so that those who have been long iu the habit oz consulting Inwood 
for any special professional purpose will, as heretofore, find the information sought rtill in its 
pages. The aim of the publishers has been to preserve the characteristic features of the book, 
arm, regardless of expense, to give that extension to the original work which the author himself, 
had he been living, would, no doubt, have seen to be demanded by the exigencies of existing 
commercial and professional undertakings. 



WORKS PUBLISHED BT LOCKWOOD ft CO. 



AIDE-MfiMOIRE TO THE MILITARY SCIENCES, 

Framed from Contributioni of Officers and othen connected with the different 
Services. Originally edited hy a Committee of the Corps of Royal Engineers. 
Second edition, most carefnlly revlBed by an officer of the Corps, with many 
additions. Containing nearly 850 engravings and many hundred woodcuts. 
3 voIb., royal 8vo, extra cloth boards, and lettered, price il. 10«. 

*^* A Ldst of the subjects amply and practically treated of, and of the principal 

contributors, will be forwarded on application. 

" A compendious encydopeodia of military knowledge, to which we arc greatly indebted. **«• 
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plates, 8vo, 16«. 6d cloth. 
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curves from 6 to 200 radius. By Alexander Beazelet, M. Inst. C.E. 
Printed on 48 cards, and sold in a cloth box, waistcoat-pocket size, price 3<. 6d. 

'' Each table is printed on a small card, which, being placed on the theodolite, leaves the hands 
fVee to msmipulato the instrument — ^no small advantaf^ as regards the rapidity of work. They are 
clearly printed, and compactly fitted into a small case for the pocket — an arrangement that will 
recommend them to all practical men." — Engineer. 

" Very handy : a man niay know that all his day's work must fall on two of these cards which 
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BUCK, GEO. W. 

A PRACTICAL AND THEORETICAL ESSAY ON OBLIQUE BRIDGES, 
vrith 13 large folding Plates. By Geo. Watson Buck, M. Inst. C.E. Second 
edition, corrected, by W. H. Barlow, M. Inst. C.R Imperial 8vo, 12». doth. 

BUILDER'S AND CONTRACTOR'S PRICE BOOK. 

LOCKWOOD and CO.'S (formerly WEALE'S) BUILDER'S and CON- 
TRACTOR'S PRICE BOOK, published annually. Conteining the latest 
Prices for Work in all branches of the Building Trade, with Items numbered 
for easy reference, and an Appendix of Tables, Notes, and Memoranda 
arranged to afford detailed information commonly required in preparing 
Estimates, &c. Edited by Oeorgk R. Burnell, F.G.S., F.S.A., &c. Civil 
Engineer and Architect. 12mo, 45. elotli, lettered, 

*»* This Book is now the univorsally recognised arbitrator in the settlement of disputed 
accounts. The present Edition has been thoroughly revised ; every line and figure has been 
carefully considered and compared with existing Price Lists. Not being printed from stereotype 
plates year after year, as is the case with other books of the kind, errors are not perpetuated 
and the opportunity is taken in every reprint to introduce current prices and other desirable 
improvements. 

CARR, JOHN, M.A. 

A SYNOPSIS of PRACTICAL PHILOSOPHY. By the Rev. John Cabb 
M. A., late fellow of Trin. Coll., Cambridge. Second edition. 18mo 5*. cloth! 
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BURN, R SCOTT. 

THE LESSONS OF MY FARM; a Book for Amateur Agriculturists, being 
an Introduction to Farm Practice, in the Culture of Crops, the Feeding of 
Cattle, Management of the Dairy, Poultry, and Pigs, and in the Keeping of 
Farm-work Records. By Robert Scott Burn, Editor of "The Year Book 
of Agricultural Facts," and one of the Authors of ''Book of Farm Imple- 
ments and Machines," and ''Book of Farm Buildings.'' With numerous 
illustrations, fcap., 6s. cloth. 

" A very useM little book, written in the lively style which will attract the amateur class to 
whom itJB dedicated, and contains much sound adyice and accurate description." — AtheTiaum. 
" A most complete introduction to the whole round of farming practice."— /o^n BtdL 

CAEPENTEE'S (THE) NEW GUIDE, 

Or, BOOK OF LINES FOR CARPENTERS, comprising all the Elementary 
Principles essential for acquiring a knowledge of Carpentry, founded on the 
late Peter NicHOLBoy*s standard work. A new edition, revised by Arthur 
AsHPiTEL, Arch. F.S.A., together with Practical Rules on Drawing, by Qeorge 
Pyne, Artist With 74 plates, 4 to, 1^. Is. cloth. 

CHAMBEES' CIVIL AECHITECTUEE, by GWILT. 

A TREATISE ON THE DECORATIVE PART OF CIVIL ARCHI- 
TECTURE. By Sir William Chambers, K.P.S., F.R.S., F.S.A., F.R.S.S. 
With Illustrations, Notes, and [an Examination of Grecian Architecture. 
By Joseph Gwilt, F.S.A. New and Cheap Edition, revised and edited 
by W. H. Leeds. With 65 Plates and Portrait of the Author. Royal 4to, 
IL Is. cloth. 

*^* A new edition of this standard architectural work (which has already 
passed through several high-priced issues), so cheap as to place it within the 
reach of the humbler classes of students and practical men, and at the same 
time so carefully edited and well executed as to make it worthy of a place on 
the shelves of the more opulent, cannot fail to be received as a boon by tho 
professional public at large. 

COMPLETE GEAZIEE, The, 

AND FARMER'S AND CATTLE BREEDER'S ASSISTANT. A Compen- 
dium of Husbandry, especially in the departments connected with the breed- 
ing, rearing, feeding and general management of stock, the management of 
the dairy, etc. ; with directions for the culture and management of grass land, 
of grain and root crops, the arrangement of farm offices, the use of implements 
and machines ; and on draining, iiTigation, warping, &c., and the application 
and relative value of manures. By WILLIAM YOUATT, Esq., V.S., Member 
of the Royal Agricultural Society of England ; Author of " The Horde,'' 
" Cattle/' &c. Eleventh Edition, enlarged, and brought down to the present 
requirements of agricultural practice, by ROBERT SCOTT BURN, one of the 
Authors of '' The Book of Farm Implements and Machines," and of " The 
Book of Farm Buildings," Author of ** The Lessons of My Farm," and Editor 
of " The Year-Book of Agricultural Facts." In one large 8vo volume, 784 pp., 
with 215 Illustrations. Price 1/. Is., strongly half-bound. 

" The standard, and text-book, with the farmer and grazier." — Farmer's Magaxim. 

"A treatise which will remain a standard work on the subject as long as British agriculture 
endures." — Mark Lane Express. 

** It is, in fact, a compeoidium of modem husbandry, embracing a concise account of all the 
leading improvements of the day." — New Sporting Magaxine. 

COTTAGES, VILLAS, AND COUNTRY HOUSES. 

DESIGNS and EXAMPLES of; bemg the Studies of several eminent Archi- 
tects and Builders, consisting of plans, elevations, and perspective views ; 
with approximate estimates of the cost of each. In 4to, 67 plates, price 
11. 19.^ cloth. 
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DELAMOTTE, F. 

A PRIMER OF THE ART OF ILLUMINATION ; for the um of beginners, 
with a rudimentary treatiae on the art, practical directiona for ita exercise, and 
nomerona exampleii^ taken from illummated MSS., and printed in QOLD and 
COLOURS. By F. Delamoitb. Small 4to^ price 9$. Elegantly bound, doth 
antique. 

*« A handy book, beautifiiUy illujrtrated ; the text of which is well written, and celculated to be 
uiefuL . . . The examples of ancient MSS. recommended to the student, which, with much 
good sense, the author chooses from collections accessible to all, are selected with judgment and 
knowledge, as well as taste."— ^fAauncm. 

*' Modestly called a Primer, this little book has a good title to be esteemed a manwal and guide 
book in the study and practice of the different styles of ornamental lettering, used by the artistic 
transcribers of i>a8t centuries. . . . An amateur may with this silent precc^ptor learn the whole 
art and mystery of illumination."— £^Metator. 

'* The vohuuc, very beautifully got up, is as ornamental as it is useful, and we can heartily 
recommend it to the notice of those who wish to become proficient in the Art**— Bngliah OtuixA- 
man. 

** We are able to recommend Mr. Delamotte's Treatise on lUuminatian to all who desire to 
become practically acquainted with the Art. The letter-press is modestly but judiciously written ; 
and the illustrations, which are numerous and well chosen, axe beautmilly printed in gold and 
colours. " — BccUtiologut. 

DELAMOTTE, F. 

ORNAMENTAL ALPHABETS, ANCIENT AND MEDIEVAL, from 
the eighth century, with numerals. Including Gk>thic, Churdi-Tezt^ lai^e and 
email; Qerman, Italian, Arabesque, Initials for Illumination, Monograme, 
Crosses, &c., &c., for the use of Ajrchiteotural and Engineering Draughtsmen, 
Missal Painters, Masons, Deooratiye Painters, Lithographers, Engrayers, Car- 
vers, &€., &c., &c Collected and Eugraved by F. Dslamottb, and printed 
in Colours. Royal 8vo, oblong, price is. cloth. 

" A well-known engrayer and draughtsman has enrolled in this useftil book the result of many 
years* study and research. For those who ixaett enamelled sentences round gilded Audioes, who 
blason shop legends over shop-doors, who letter church walls with ptthy sentoaces from the Deca- 
logue, this book will be usemL Mr. Delamotte's book was want<ed. —Atkmmtm. 

DELAMOTTE, F. 

EXAMPLES OF MODERN ALPHABETS, PLAIN AND ORNAMENTAL, 
Including Qerman, Old English, Saxon, Italic, Perspective, Qreek, Hebrew, 
Court Hand, Engrossing, Tuscan, Riband, Gk>tfaic, Rustic, and Arabesque, 
with several Original Designs, and an Analysis of the Roman and Old English 
Alphabets, Large and Small, and Numerals, for the use of Draughtsmen, Sur' 
veyors, Masons, Decorative Painter?, Lithographers, Engravers, Carvers, &c. 
Collected and Engraved by F. Delamotte, and printed in Colours. Royal 
8vo, oblong, price is, cloth. 

"To artists of all classes, but more especially to architects and engravers, this very handsome 
book will be invaluable. There is comprised in it every possiUe snape into which the letters 
of the alphabet and numerals can be formed, and the talent which luis been expended in the 
conception of the various plain and omtunental letters is wonderful.''— ^andarc^. 

DELAMOTTE, F. 

MEDIEVAL ALPHABETS AND INITIALS FOR ILLUMINATORS. By 
F. Delamotte, Illuminator, Designer, and Engraver on Wood. Containing 
21 Plates, and Illuminated Title, printed in Gold and Colours. With an In- 
troduction by J. Willis Brooks. Small 4to, 6«. cloth, gilt 

•'A volume in which the letters of the alphabet come forth glorified in gilding and all the 
colours of the prism interwoven and intertwined and intermingled, sometimes with a sort of 
rainbow arabesc^ue. A poom emblazoned in these characters woiUd be only comparable to 
one of those delicious love letters symbolised in a bunch of flowers well selected and cleverly 
arranged. " — Hun. 

DELAMOTTE, F. 

THE EMBROIDERER'S BOOK OP DESIGN, contaming Initials, Emblems, 
Cyphers, Monograms, Ornamental Borders, Ecclesiastical Devices, Mediaeval 
and Modern Alphabets and National Emblems. Collected and Engraved by 
F. Delamotte, and printed in Colours, oblong royal 8vo, price 2*. Qd, in 
ornamental boards. 
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DEMPSEY, G. D. 

THE PRACTICAL RAILWAY ENGINEER. A Concise Description of the 
Engineering and Mechanical Operations and Structures which are combined 
in the Formation of Railways for Public Traffic ; embracing an Account of 
the Principal Works executed in the construction of Railways ; with Facts, 
figures, and Data, intended to assist the Civil Engineer in designing and 
executing the important Details required. By G. Dbtsdalb Demfsbt, C.E. 
Fourth Edition, revised and gi'eatly extended. With 71 double quarto plates, 
72 woodcuts, and Portrait of Geobqb Stefhsnson. 1 large yoL 4to, 
21, 12s. 6d, cloth. 

DOWLING, C. H. 

A SERIES OF METRIC TABLES, in which the British Standard Measures 
and Weights are compared with those of the Metric system at present in use 
on the Continent By C. H. Dowlino, C.E. 8to, 10«. 6d., strongly bound. 

" Mr. Dowling's Tables, which are well put toc^ther, come just in time as a ready reckoner for 
the conversion of one system into the other." — AUienctum. 

" Their accuracy has been certified by Professor Airy, the Astronomer BoyaL" — Builder. 

** Befloluti(xi 8.— That advantage will be derived from tiie recent publication of Metric Tables, b\' 
C. H. Dowling, C.E. "—iJ^port of Section F, BritUh Auociation, Bath. 

"We believe these Tables to be thoroughly reliable."— CTrif Engineer and Architects Joxutial. 

DOWSING, WM. 

THE TIMBER MERCHANT'S AND BUILDER'S COMPANION, contam- 

ing New and Copious Tables of the Reduced Weight and Measurement of 

Deieds and Battens, of all sizes, from One to a Thousand pieces, and the relative 

price that each size bears per Lineal Foot to any given price per Petersburg 

Standard Hundred; the price per Cube Foot of square Timber to any given 

prioe per Load of 50 feet; the proportionate value of Deals and Battens by the 

Standard, to Square Timber by the Load of 50 feet, the readiest mode of 

ascertaining the price of Scantling per Lineal Foot of any size, to any given 

figure per Cube Foot. Also, a variety of other valuable information, usefiil to 

all parties concerned or interested in the buying or selling of Foreign Timber. 

By William Dowsing, Timber Merchant. Second Edition. Crown 8vo, 3^. cloth. 

"Every timber merchant and builder, all x>orsons engaged in carrying wood, where it is 
requisite to ascertain its weight, — ^indeed, every person who has to do with wood,~ought to have 
this Companion." — Hull Advertiser. 

EVERY MAN'S OWN LAWYER : 

A HANDY BOOK OF THE PRINCIPLES OF LAW AND EQUITY. 
By a Barrister. Fifth Edition, much enlarged, and brought down to end 
of 1866 session. 12 mo, price 6s, Sd. (saved at every consultation), strongly 
bound in cloth. Comprising the Rights and Wrongs of Individuals, Mercan- 
tile and Commercial Law, Criminal Law, Parish Law, County Court Law, 
Gkune Laws, the Laws of 



Bankbuptcy. 
Bets and Wager.3. 

BlUf OF EXCHAXOE. 

Contracts. 

CoPTKiQHT, Patents, Etc. 

Elections. 



iNsrRANCE, Marino, Fire, & Life. 
Libel and Slander. 
Marriage and Divorce. 
Merchant Shipping. 
Mortgages. 
Settlements. 



Stock Exchange Practice. 
Trespass, Nuisances, Etc. 
Transfer of Land, Etc. 
Warranty. 

WiLi^ and Agreements. 
Etc. Etc. 



Also Law for 

Landlord and Tenant— Master and Servant— Husband and Wife — Executors and Trustees — 
Guardian and Ward — Married Women and Infants — Partners and Agents — Lender and Borrower 
— Debtor and Creditor — Purchaser and Vendor — Companies and Associations — Friendhr Societies — 
Ciergymien, Churchwardens, Etc. — Medical Practitioners, Etc. — Bankers — ^Farmers — Contractors— 
BtocS: and Share Brokers — Sportsmen — Gkuuokeepers — ^Farriers and Horse-dealers — ^Auctioneers, 
House-Agents — Innkeepers, Etc.— Bakers, Millers, Etc.^Pawnhrokers — Surveyors, Carriers^Con- 
stables— Labourers— Seamen, Soldiers, Etc. 

opinions of the press. 

"What It professes to be, a complete epitome of the laws of this country." — BelVs !(/%. 

" A cleaiiy-wcmied and explicit mantial, containing information that must be useiul to every- 
body."— ifeeAantc<' Magazine. 

** This is a work which has long been wanted, which is thoroughly well done, and which we 
most cordially recommend to our readers." — Sxinday Timte. 
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FAIRBAIRN. WM. 

IRON ; its History, PropertioSi and Processes of Manufacture. By William 

Fairbairn, C.E., LUD., F.R.S., kc With numerous Woodcuts. Post 8yo, 

price 6<. cloth. 

" A scientific work of the first class, whose chief merit lies in bringing the more important facts 
connected with iron into a small compass, and within the comprehension and the means of all 
persons engaged in its manufacture, sale, or use." — Mechanict* Magazine. 

GRAHAM, ALEX. J. S. 

A MANUAL ON EARTHWORK. By Alex. J. S. Graham, C.E., Resident 
Engineer, Forest of Dean Central Railway. With numerous Diagrams, 18mo, 
2«. 6d. cloth. 

" We can cordially recommend the work to the notice of our readers." — BiUlding Netes. 

*' As a really handy book for reference, we know of no work equal to it ; and the Railway Engi- 
neers and otncrs employed in the measurement and calculation of earthwork will find a gn'eat 
amount of practical information very admirably arranged, and availaUe for general or rouffh esti- 
mates, as well as for the more exact calculations roquirea in the Engineers' Offices."— .^rtt«in. 

GRANDY, R. E. 

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, and BUILDERS 
STANDARD GUIDE. By Richard E. Gbandt, 12mo. price 7«. 6d. cloth. 
Comprising — For the Timber Importer and Merchant : An Analysis of Deal 
Standards, Home and Foreign, with comparative Values and Tabmar ^.rrange- 
ments for Fixing Nett Landed Cost on Baltic and North American D^ds 
including all intermediate Expenses, Freight, Insurance, Duty, kc ; also 
Practical Methods and Examples for Reduction, embracing Solid, Lineal, 
Numerical and Superficial Quantities, Prices, &c. A Complete Exposition of 
the Square Timber Trade, North American and Baltic; with Percentage 
Differences on String, Caliper, Cubic, and Running Measurements. Also 
Tabular Matter, with Nett Landed Cost, including all intermediate Expenses, 
constructed on the data of a progressive Rate for First Cost in Dollars, 
Currency, or Sterling. American and Baltic Lathwood, Staves, &c., with 
particulars of Freights, Duties, Expenses, and Measurements, United States 
Exchange and Canadian Currency : with Examples. For the Retailer and 
BuUder : Copious Information, with Tables setting forth Nett Cost of Mate- 
rial and Workmanship to Builder or * Manufacturer on Flooring, Sheeting, 
Joisting, Skirting, Doors, Windows, Architraves, &c. per Square, Piece, 
Superficial or Lineal Measurement, Brickwork, Stonework, Excavations, 
Slating, Tiling, Metal Pillars, Lead, Zinc, Corrugated Iron, Koo&ng Felt, 
Cisterns, Painting, Papering, Builders' Ironmongery, &c. 

"This very useful volume." — BuUder. 

•* The tables comprised in this work must afford matoml assistance to the timber merchant." 
— Mechanic's Magazine. 

••A vast number of very valuable tables for the timber importer and consumer." 

Practical M&:hanic9* Journal. 

" A handy little g^de to the timber trade. . . . The information is very complete." 

Jhtblin BuUder. 

" Eversrthing it pretends to be : built up ^adually, it leads one from a forest to a Isrenail, and 
throws in as a makeweight, a host of material concerning bricliis, columns, cisterns, &c. — all that 
the class to whom it appeals requires." — English Mechanic. 

** The only difl&culty we have is as to what is not in its padres. What we have tested of the 
contents, taken at random, is invariably correct." — Illustrated Builder's Jouinal. 



GRANTHAM, JOHN, C.E. and Naval Architect. 

ON IRON SHIP-BUILDING, with Practical Examples and Details, in 
twenty-four plates, together with separate text containing Descriptions, Expla- 
nations, and General Remarks, for the use of Ship-owners and Ship-builders. 
By John Grantham, C.E., Consulting Engineer and Naval Architect. Fourth 
Edition. The plates of the present Work have been prepared, and the subjects 
drawn, in elevation, plan, and detail, to a scale useful for immediate practice, 
in a folio size, with figured dimensions, and accompanied by a small Volume 
of text (which may be had separately, price 2s. 6d). Price 11. 5«. complete 
— the plates in wrapper, folio, and the text in 12mo, red cloth limp. 
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GREGORY, Dr. OLINTHUS. 

MATHEMATICS for PRACTICAL MEN ; being a Common Place Book of 
Pore and Mixed Mathematics, designed chiefly for the use of Civil Engineers, 
Architects, and Surveyors. By Olinthus Qbeqobt, LL.D., F.R.A.S. Eulai'ged 
by Henrt Law, Civil Engineer. Fourth Edition, carefully revised and cor- 
rected by J. R. YonNG, formerly Professor of Mathematics, Belfioist College ; 
Author of ''A Courqp of Mathematics," &c. With 13 plates, medium 8vo, 
1^. U. cloth. 

OONTENTS. 



PART I.— PURE .MATHEMATICS. 

Chapter I. — ^Arithmetic. 1. Definition of nota- 
tion — ^2. Addition of whole numbers — 3. Sub- 
traction of whole numbers — (. Multiplication 
of whole numbers — 5. Division of whole num- 
bers — ^proof of the first four rules of arithme- 
tic — 5. Vulgar fractions ; reduction of vulgar 
firactions ; addition and subtraction of vulgar 
fhustions ; mulUpUcation and division of vul- 
gar firactions — ^7. Decimal fhu;tion8 ; reduction 
of decimals ; addition and subtraction of deci- 
mals : multiplication and division of decimals 
— 8. Complex fractions used in the arts and 
commerce ; reduction ; addition ; subtraction 
and multiplication; division; duodecimals — 
9. Powers and roots; evolution — 10. Propor- 
tion ; rule of three ; determination of ratios— 
11. Lo^rithmic arithmetic ; use of the tables ; 
multiplication and division by logarithms ; 
proportion, or the rule of three by logarithms ; 
evolution and involution by logarithms — 12. 
Properties of numbers. 

Chap. II. — ^Aloebra. 1. Definitions and notation 
— 2. Addition and subtraction — 3. Multiplica- 
tion — 4. Division — 5. Involution — 6. Evolution 

7. Surds ; reduction ; addition, subtraction, 
and multiplication ; division, involution, and 
evolution — 8. Simple equations ; extermina- 
tion ; solution of general problems ; 9. Quad- 
ratic equations — ^10. Equations in general — 11. 
Progression; arithmetical progression; goo- 
me^cal progression — 12. Fractional and nega- 
tive exponents — 13. Logarithms — 14. Compu- 
tation of formulse. 

Chap. III.— Geometry. 1. Definition— 2. Of 
angles and right lines, and their rectangles — 

8. Of triangles— 4. Of quadrilaterals and poly- 
gons — 6. Of the circle, and inscribed and cir- 
cumscribed figures — 6. Of planes and solids — 
7. Practical Geometry. 

Chap. IV. — Mensuration. 1. Weights and Mea- 
sures—^!. Measures of length ; ii. Measures of 
surface ; iii. Measures of solidity and cax>acity ; 
iv. Measure of weight ; v. Angular measure ; 
vi Measure of time; comparison of English 
and French weights and measures — 2. Mensu- 
ration of superficies- 3. Mensuration of solids. 

Chap. V. — ^Trioonometry. 1. Definitions and 
trigonometrical formula) — 2. Trigonometrical 
taUes — 3. General propositions — 4. Solution 
of the cases of plane triangles ; right-angled 
plane triangles — 5. On the application of trigo- 
nometry to measiuing heights and distances ; 
determination of heights and distances by 
approximate mechanical methods. 

Chap. VI. — Conic Sections. 1. Definitions — 2. 
Properties of the ellipse ; problems relating to 
the ellipse — 3. Properties of the hyperbola; 
problems rdating to the hyperbola—4. Pro- 
perties of the i)arabola ; proDlems relating to 
th3 parabola. 

Chap. VII. — Properties op Curves. 1. Defl- 
nitiDns— 2. The conchoid— 3. The cissoid — 4. 
'She cycloid and epicycloid — 5. The quadratrix 



— 6. The catenary ; tables of relations of cate- 
narian curves. 

PART II.— MIXED MATHEMATICS. 

Chapter I.— Mechanics in General. 

Chap. II.— Statics. 1. Statical equilibrium— 2. 
Centre of gravity — 3. General application of 
the principles of statics to the oqiulibrium of 
structures ; equilibrium of piers or abutments ; 
pressure of earth against walls ; thickness of 
walls ; equilibrium of polygons ; stability of 
arches ; equilibrium of suspension bridges. 

Chap. III. — Dynamics. 1. General definitions — 
2. On the general laws of uniform and vari- 
able motion ; motion imiformlv accelerated : 
motion over a fixed pulley ; motion on inclined 
planes ; motion of bodies under the action of 
gravity — 3. Motions about a fixed centre, or 
axis: centres of oscillation and percussion; 
simple and compoimd pendulums ; centre of 
gyration, and the principles of rotation ; cen- 
tral forces ; inquiries connected wiih rotation 
and central forces— 4. Percussion or colUsion 
of bodies in motion — 5. On the mechaniod 
powers* levers; wheel and axle; pulley; 
inclinea plane ; wedge and screw. 

Chap. IV.— Hydrostatics. 1. General defini- 
tions — 2. Pressure and equilibrium of non- 
elastic fluids — 3. Floating bodies — 4. Si^ecific 
gravities — 5. On capillary attraction. 

Chap. V. — ^Hydrodynamics. 1. Motion and efflu- 
ence of liquids — 2. Motion of water in conduit 
pipes and open canals, over weirs, Ac. ; veloci- 
ties of rivers — 3. Contrivances to measure the 
velocity of nmning waters. 

Chap. VI. — Pneumatics. 1. Weight and equili- 
brium of air and elastic fluids — 2. Machines 
for raising water by the pressure of the 
atmosphere — 3. Force of the wind. 

Chap. VII. — Mechanical Agents, 1. Water as 
a mechanical agent — 2. Air as a mechanical 
agent ; Coulomb's experiments— 3. Meclui- 
nical agents depending upon heat ; the steam 
engine ; table of pressure and tomperatiire of 
steam; general description of the mode of 
action of the steam engine ; theory of the 
steam engine ; description of the various 
kinds of engines, and the formulse for calcu- 
lating their power; practical application of 
the forcing formuLBe — 4. Animal strengtii 
as a mechanical agent. 

Chap. VIII. — Strength of Materlai^. 1. Re- 
smts of experiments and principles upon which 
they should be practically applied — 2. Strength 
of materials to resist tensile and cnu^mg 
strains; strength of columns — 3. Elasticity anS 
elongation of bodies subjected to a crushing or 
tensile strain — 4. On the strength of matmals 
subjected to a transverse strain ; longitudinal 
form of beam of imiform strength ; tnmsverse 
strength of other materials than cast iron ; the 
strength of beams according to the manner in 
which the load is distributed— 5. Elasticity of 
bodies subjected to a transverse strain — 6. 
Strength of materials to resist toraion. 



APPENDIX OF COPIOUS LOGARITHMIC AND OTHER TABLES, Ac. Ac. 
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HASKOLL, W. D., Civil Engineer. 

EXAMPLES OP BRIDGE AlH) VLLDUCT CONSTRUCTION OP 
MASONRY, TIMBER, AND IRON; from the Contract Drawings or Admea- 
•uremenU of select Works. By W. Davis Habkoli^ C.E. With 46 Plates, 
imp. folio, price 21, 2s, in wrapper, cloth hack. 

HAWKINGS, JAMES. 

THE TRADESMAN'S GUIDE to SUPERFICIAL MEASUREMENT. 
Tahles calculated from 1 to 200 inches in length, hy 1 to 108 inches in 
breadth. For Architects, Surveyors, Engineers, Timber Merchants, Builders, 
Carpenters, Upholsterers, Coach MaJcers, Looking and Crown Glass Dealers, 
Painters, Stonemasons, &a By James HAWKnias. Fop. Zs. 6d. cloth. 

HUDSON, R., Civil Engineer. 

THE LAND VALUER'S BEST ASSISTANT : being Tables, on a very much 
improved Plan, for Calculating the Value of Estate. To which are added. 
Tables for reducing Scotch, Insh, and Provincial Customary Acres to Statute 
Measure ; also, Tables of Square Measure, and of the various Dimensions of 
an Acre in Perdies and Yards, by which the Contents of any Plot of Ground 
may be ascertained without the expense of a regular Survey ; Miscellaneous 
Tables, fto. By R. Hudson, Ciyil Engineer. New Edition, with Additions 
and Corrections, price is., stx'ongly bound. 

** This new edition indiides tables for ascertaining; the value of leases for any team of yean ; and 
for ^wing how to lay out plots of ground of certain acres in fonns, square, round, Ac., with 
yaluable rules for ascertaining the probable worth of standing timber to any amount ; and is ci 
incalculable value to the coimtry gentleman and professional man."— i^arm«r'« JoumaL 

HUMBER, WM. 

A COMPLETE and PRACTICAL TREATISE on CAST and WROUGHT 
IRON BRIDGE CONSTRUCTION, including Iron Foundations. In Three 
Parts — Theoretical, Practical, and Descriptive. By Wiluah Humbeb, Assoc. 
Inst. C.E., and M. Inst M.E. Second Edition, in 2 Vols. imp. 4to, with 95 
Double Plates and 237 pages of Text, price 6^. 16«. 6d., half-bound in morocco. 

'* A very valuable contribution to the standard literature of civil engineering. In addition to 
elevations, plans, and sections, large scale details ure given, which very much enhance theinstruc- 
tivo worth of these illustrations. No engineer would willingly be without so valuaUe a fund (tf 
information." — (Hvil Engineer and ArchUecCi Journal. 

** Mr. number's stately volumes lately issued — ^in which the most impcxtant bridges erected 
during the last five years, imder the directions of the late Mr. Brunei, Sir W. Cubitt, Mr. Hawk- 
shaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among our most eminent engineers, are 
drawn and specified in great detail."— .S»i^jw«r, Nov. 29, 1'861. 



HUMBER, WM. 

A RECORD OP THE PROGRESS OP MODERN EKGINEERINO, 1863; 
comprising Civil, Mechanical, Marine, Hydraulic, Railway, Bridge, and other 
Engineering Works. With Essays and Reviews. Edited by Wiluak 
HuMBER, AsBOc. lust. C.E., and Memb. Inst. M.E., Author of ''A Complete 
and Practical Treatise on Cast and Wrought Iron Bridge Construction." 
Imperial 4to. Illustrated with 36 Double Plates, and a Pliotographic Portrait 
of John Hawkshaw, Esq., F.R.S., late President of the Institution of Civil 
Engineers. Price Zl. Zs., half-bound in morocco. 

" The large plates illustrating the works which have been selected by the Editor for the first 
examples of modem engineering progress are well executed, and the text is devoted to the specifi- 
cations issued by the engineers, and upon which the tenders for the execution of the works were 
based. A useful selection of good examples will give a high character to the * Record of the Pro- 
gress of Modem Engineering.' " — Artizan, April, 1863. 

"Mr. Humber has now completed his first Annual Volume. It consists of a goodly number of 
plates of large size, principally relating to railway bridges, roofs, station buildhigs, and works of a 
similar character." — Artizan, Feb. 1864. 

*♦ Handsomely litho^phed and printed, it will find favour with many who desire to preserve in 
a permanent form copies of the plaiis and specifications prepared for the g^iidance of the contractors 
for many important engineering works." — Engineer. 



« 



This Work will be continued annually. 
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INSTANT RECKONER, The, 

Showing the Value of any Quantity of Gbods, including Fractional Parts of a 
Pound Weighty at any price from One Farthing to Twenty Shillings : with an 
Introduction, embracing copious Notes of Coins, Weights, Measures, and other 
Commercial and Useful Information ; and an Appendix containing Tables of 
Interest, Salaries, Conmiission, &c. 24mo, 1«. Gd, cloth ; or 2t, leather. 

MURRAY, ANDREW and ROBERT. 

SHIP-BUILDING IN IRON AND WOOD. By Akdrbw Mubbat, M.I.C.R, 
Chief EUigineer and Inspector of Machinery of H. M.*8 Dockyard, Portsmouth ; 
and STEAM SHIPS, by Robert Murray, C.E., Engineer Surveyor to the 
Board of Trade. Second Edition, in 1 vol. 4to, with 28 Plates and numerous 
Woodcuts, price lis. cloth. 

" Indiapensable in the office of the naval architect." — Practical Mechanics* JournaL 
"Ought to be in the hands of every shipbuilder or shipwright.*' — Sunderland Herald, 

NOAD, HENRY M., Ph.D., F.C.S. 

A MANUAL OF ELECTRICITY; including Galvanism, Magnetism, Dia- 
magnetism, Electro-Dynamics, Magno* Electricity, and the Electric Telegraph. 
By Henbt M. Noad, Ph.D., F.C.S. , Lecturer on Chemistry at St. Oeorge*s 
Hospital Fourth Edition, entirely re-written. Illustrated by 500 woodcuts. 
In two Parts. Part I. Electbicitt and Galyanism. Part II. Maqnbtism 
and the Electbio Telegbaph. Complete in I vol., 8vo, 11. is. cloth. 
N.B. — The Second Pabt may be had separately, price 10s. 6d. cloth. 

"This publication fully bears out its title of ' Manual.' It discusses in a satisfactory manner 
electricity, frictional and voltaic, thermo-electricity, and electro-physiolc^. To diffuse correct 
views of electrical science, to make known the laws by which this mysterious force is regulated, 
which is the intention of the author, is an important task." — Athenaium. 

" It is worthy of a place in the library of every public institution, and we have no doubt it will 
be deservedly patronised by the scientific community." — Mining Journal. 

NEVILLE, JOHN. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULA for finding 
the Discharge of Water from Orifice.", Notches, Weirs, Pipes, and Rivers. By 
John Neville, Civil Engineer, M.R.I.A. Second Edition, . with Extensive 
Additions, New Formulae, Tables, and General Information on Hain-fall, 
Catchment-Basins, Drainage, Sewerage, Water Supply for Towns and Mill 
Power. With numerous Woodcuts, 8vo. 16& cloth. 

NOEMANDY, A. 

THE COMMERCIAL HANDBOOK OF CHEMICAL ANALYSIS; or 
Practical Instructions for the determination of the Intrinsic or Commercial 
Value of substances used in Manufactures, in Trades, and in the Arts. By A. 
NoBMANDT, Author of *' Practical Introduction to Rose's Chemistry," and 
Editor of Rose's " Treatise of Chemical Analysis." Illustrated with woodcuts. 
Second and cheaper Edition, post 8vo, 9«. cloth. 

*• We i-ecommend this book to the careful perusal of every one ; it may be truly afiirmed to be of 
univertsal interest." — Medical Times. 

" The author has produced a volume of surpassing interest, in which he describes the chaiacter 
and properties of 400 diflferent articles of commerce, the substances by which they are too frequently 
adulterated, and the moans of their detection." — Mining Journal. 

PYNE, GEORGE, 

PRACTICAL RULES ON DRAWING FOR THE OPERATIVE BUILDER 
AND YOUNG STUDENT IN ARCHITECTURE. By Georgb Ptne, 
Author of a Rudimentary Treatise on Perspective for Beginnei*s. With 14 
plates, 4 to, 7s. 6d. boards. 

CONTENTS. 



1. Practical Rules on Drawing,— Outlines, 

2. Ditto,— the Grecian and Roman Orders. 

3. Practical Rules on Drawing,— Perspectiv©. 



4. Practical Rules on Liffht and Shade. 

5. Practical Rules on Colour. 
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RYDE, EDWARD. 

A GENERAL TEXT BOOK FOR ARCHITECTS, ENGINEERS, SUR- 
VEYORS, SOLICITORS, AUCTIONEERS, LAND AGENTS, AND 
STEWARDS^ in all their several and yaried professional occupations; and for 
the assistance and guidance of Country Gentlemen and others engaged in the 
Transfer, ICanagement, or ImproTement of Landed Property. Together with 
examples of Villas and Country Houses. By Edward Rtdk, Civil Engineer 
and .Land Surveyor. To which are added several chapters on Agriculture 
and Landed Property, by Professor Donaldson, Author of several Works on 
Agriculture. With numerous engravings, in 1 thick vol. 8vo, price 1^. 8«. doth. 



CONTENTS. 



Chap. I. — Arithmetic. 

Chap. II.— Plane and Solid Geometry. 

Chap. III. — Mensuration. 

Chap. IV.— Trigonometry. 

Chap. V. — Conic Sbctionj. 

Chap. VI. — Land Measuring. Including Tabic 
of Decimals of an Arc — ^Table of Land Mea- 
sure, by dimensions taken in yards. 

Chap. YII. — Land Survbtino. 1. Farish and 
Estate Surveying — 2. Trigonometrical Survey- 
ing — 3. Traverse Surveymg — 4. Field Instru- 
ments—the Prismatic Compass; the Box 
Sextant ; the Theodolite. 

Chap. VIII. — Levelling. Levelling Instru- 
ments. The Spirit iJevel ; the Y Level ; 
Troughton's Level; Mr. Oravatt's Level; 
Leveuing Staves — Examples in Lavelling. 

Chap. IX.— Plotting. Embracing, the Circular 
Protractor — the T Square and Semicircular 
Protractor — Plotting Sections. 

Chap. X. Computation of Areas. The Pedi- 
ometer— the Computing Scale — Computing 
Tables. 

Chap. XI. — Copying Map& Including a de- 
scription of the Pentagraph. 

Chap. XII. — Railway Surveying. 1. Explora- 
tion and Trial Levels ; Standing Orders — 2. 
Proceedings subsequent to the Passing of the 
Act; Tables for Setting out Curves; Tables 
for Setting out Slopes ; Tables of Relative 
Gradients ; Si>ecification of Works to be ex- 
ecuted in the Construction of a Railway; 
Form of Tender. 

Chap. XIII. — Colonial Surveying. 

Chap. XIV. — Hydraulics in oonnection with 
Drainage, Sewerage, and Water Supply — 
with Synopsis of Ryde's Hydraulic Tables- 
Specifications, Iron Pipes and Cast-iron Pipes 
and Castings ; Stone Ware Drain Pipes ; Pipe 
Laying, Reservoir. 

Chap. XV. — ^Timber Measuring. Including 
Timber Tables, Solid Measure, Uneqtial Sided 
Timber ; Supei'ficial Measure. 

Chap. XVI. — Artificers' Work. 1. Bricklayers* 
and Excavators' — 2. Slaters'— 3. Carpentere* 
and Joiners' — 4. Sawyers' — 5. Stonemasons' — 

6. Plasterers' — 7. Ironmongers' — 8. Painters' 
9. Glaziers'— 10. Paper Hangers'. 

Chap. XVII. — ^Valuation of Rotates. With 
Tables for the Purchasing of Freehold, Copy- 
hold, or Leasehold Estates, Annuities, and 
Advowsons, and for renewing Leases for Terms 
of Years certain, and for Lives. 

Chap. XVIII. — Valuation of Tillage and 
Tenant Riqht. With Tables for Measuring 
and Valuing Hay Ricks. 

Chap. XIX — Valuation of Parishes. 

Chap. XX. — Builders' Prices. 1. Carpenters' 
and Joiners' — 2. Masons' — 3. Bricklayers' — 
4. Plasterers' — 5. Ironmongers' — 6. Drainers' — 

7. Plumbers' — 8. Painters' — 9. Paper Hangers' 



and Decorators' — 10. Glaziers* — 11. Zinc 
Workers' — 12. Coppersmiths' — 13. Wire 
Workers'. 

Chap. XXL — Dilapidations and Nuisances. 
1. General Definitions — 2. Dilapidations by 
Tenants for Life and Years — 3. Ditto by Mort- 
gagee or Mortgagor — I. Ditto of Party Walls 
and Fences — 5. Ditto of Highways and 
Bridges — 6. Nuisances. 

Chap. XXII. — ^TheLaw relating to Afpraissbs 
AND Auctioneers. 1. The Law RelatLog to 
Appraisements — 2. The Law of Auction. 

Chap. XXIII. — Landlord and Tenant. 1. 
Agreements and Leases— 2. Notice to Quit— 
3. Distress— 4. Recoveiy of Possession. 

Chap. XXIV.— Tables. Of Natural Bines and 
Cosines — For Reducing Links into Feet- 
Decimals of a Pound Sterling. 

Chap. XXV. — Stamp LAWS.-^tamp Duties- 
Customs* Duties. 
Examples of Villas and Country Houses. 

ON LANDED PROPERTY. 
By Professor Donaldson. 

Chap. I. — ^Landlord and Tenant— Their Position 
and Connections. 

Chap. II. — Lease of Land, Conditions and Re- 
strictions ; Choice of Tenant, and Assignation 
of the Deed. 

Chap. III.— Cultivation of Land, and Rotation of 
Crops. 

Chap. IV. — Buildings necessary on Cultivated 
Lands — Dwelling Houses, Farmeries, and 
Cottages for Labourers. 

Chap, v.— Laying out Farms, Roads, Fences, 
and Gates. 

Chap. VI.— Plantations, Yeimg and Old Timber. 

Chap. VII. — Meadows and Embankments. Beds 
of Rivers, Water Courses, and Flooded Grounds. 

Chap. VIII. — Land Draiidng, Opened and Co- 
vered — Plan, Execution, and Arrangement 
between Landlord and Tenant. 

Chap. IX. — Minerals, Working and Value. 

Chap. X. — Expenses of an ^tate — Regulations 
of Disbursements — and relation of the appro- 
priate Expenditures. 

Chap. XI. — Valuation of Landed Property ; of 
the Soil, of Houses, of Woods, of Minerals, of 
Manorial Rights, of Royalties, and of Fee Farm 
Rents. 

Chap. XII. — Land Steward and Farm Bailiff; 
Qualifications and Duties. 

Chap. XIII.— Manor Bailiff*, Woodrieve, Gar- 
dener, and Gamekeeper — Their Position and 
Duties. 

Chap. XIV.— Fixed Days of Audit — Half- Yearly 
Payments of Rents— Form of Notices, Re- 
ceipts, and of Cash Books, General Map of 
E.states, and of each separate Farm — Con- 
cluding Observations. 
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KICHARDSON, WM. 

PACKINO-CASE TABLES ; ahowing the number of Superficial Feet in Boxes 
or Packing-Cases, from six inches square and upwards. Compiled by William 
BiOHARDSON, Accountant, Author of " The Calculator, or. Timber Merchants' 
and Builders' Quide." Oblong ito, cloth, price Za, 6d. 
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Makers and users of paoking-casea will find these labour-saving tables invaluable. By their 
id the number of superficial feet in a case of any dimensions can be ascertained in a moment'* — 
l%e Ironmonger. 
" Will prove very useful to the trade for which it is compiled." — Citi/ Press. 

RITCHIE, ROBT., C.E. 

A TREATISE ON VENTILATION, NATURAL AND ARTIFICIAL. 
By Robert Ritchie, C.E., Associate of the Institution of Ciyil Engineers, 
London ; Past Vice-President of the Royal Scottish Society of Arts ; Author 
of *' Railways, their Rise, Progress, and Construction;" ** The Farm Engi- 
neer, with Remai'ks on the Ventilation of Farm Buildings," and various Prize 
Essays on the Ventilation of Factories, Ships, &c., &c. With numerous plates 
and woodcuts. 8vo, Ss, 6d, cloth. 

*' An interesting and extremely useful volume, in which the subject of ventilation is completely 
and exhaustively treated."— 3ftmnj7 youma/. 

" This must continue to be for some time the text-book upon one of the chief difficulties of 
domestic architectural construction and of social hygienics." — Lancet. 

" A useful book on a most important and practiciEd subject. . . . The subjects treated of are 
illustrated bv numerous plates and woodcuts." — Builder. 

** Will be foimd exceedingly useful as a book of reference by all those interested in the subject of 
ventilation, whether applied to public or private buildings, mines, or ships." — Artizan. 

SIMMS, F. W., on LEVELLING. 

A TREATISE on the PRINCIPLES and PRACTICE OP LEVELLING, 
showing its application to purposes of Railway and Civil Engineering, in the 
Construction of Roads, with Mr. Telford's Rules for the same. By Fredeiuok 
W. SiMMS, F.Q.S., M. Inst. C.E. Fifth edition, revised and corrected with 
the addition of Mr. Law's Practical Examples for setting out Railway Curves, 
and Mr. Tbautwine's Field Practice of Laying out Circular Curves. With 
7 plates and numerous woodcuts, 8vo, 8«. 6d cloth. 
N.B. Trautwine on Laying out Circular Curves may be had separately, price 58. 

SIMMS, F. W., ON TUNNELLING. 

PRACTICAL TUNNELLING ; Explaining in Detail the Setting Oat of tho 
Works ; Shaft Sinking and Heading Driving ; ranging the Lines and Levelling 
under Ground; Sub-Excavating, Timbering, and the Construction of the 
Brickwork of Tunnels ; with the amount of Labour required for, and the 
Cost of the Various Portions of the Work. By Fredk. W. Simms, F.R.A.S., 
F.G.S. , M. Ins. C.E. Author of '' A Treatise on the Principles and Practice of 
Levelling," &c. &c Second edition, revised by W. Davis Haskoll, Civil 
Engineer, Author of " The Engmeer*s Field Book," Ac. &c. With 16 large 
folding plates, and numerous woodcuts, imperial 8vo, \l, \8. cloth. 

SPOONER, W. C. 

THE HISTORY, STRUCTURE, ECONOMY, and DISEASES of tho SHEEP. 
By W. C. SrooNER, V.S., Editor of White's "Cattle Medicine," aud White's 
" Compendium of tho Veterinary Art." Illustrated by Harvey. Second 
Edition. 12mo,5& cloth. 

'* Tho namo of Mr. Spooncr, who is a distinguicthed member of his Profession, is a sufficient 
guarantee for the accmucy and usefulness of its contents. Farmers' clubs ought to add this work 
to their libraries ; and, as a work of reference, it ought to be in t^e possession of all Sheep 
Farmers." — Gardeners' Chronicle, 

STEVENSON, THOS. 

THE DESIGN AND CONSTRUCTION OF HARBOURS. By Thomas 
Stevenson, F.R.S.E., M.I.C.E., reprinted and enlarged from the article *<Hap 
hours" in the Eighth Edition of "The Encyclopsedia Britannica " WUli in 
Plates and numerous Cuts, 8vo, 10*. 6d. cloth. «annica. With 10 
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STEVENSON, DAVID. 

CANAL AND RIVER ENaiNEERING. By David Stevknson, F.R.S.E., 
M. Iu8t. C.E. Small 8to, cloth, with plates and woodcuts, price i$, 6d, 

STUDENT'S GUIDE, The, 

To the PRACTICE of DESIGNING, MEASURING, and VALUING ARTI- 
FICERS' WOREuS; containing directions -for takin^^ Dimensions, abstraetiog 
the same, and bringing the Quantities into Bill ; with Tables of Constants, and 
copious memoranda for the Valuation of Labour and Materials in the respec- 
tive trades of Bricklayer and Slater, Carpenter and Joiner, Sawyer, Stone- 
mason, Plasterer, Smith and Ironmonger, Plumber, Painter and Olasier, 
Paper-hanger. With 48 plates and woodcuts. The Measuring, ftc, edited by 
Edward Dobson, Architect and Surveyor. Second Edition, with the addi- 
tions on Design by E. Lact Garbett, Architect, together with Tables for 
Squaring and Cubing. In 1 vol., 8vo, 9s. extra cloth. 

TEMPLETON, w. 

the engineer's, millwrights, and machinist's practical 

ASSISTANT ; comprising a Collection of Useful Tabl^, Rules, and Di^ 

Compiled and Arranged, with Original Matter, by William Temflrov, 

Author of ''The Operative Mechanic's Workshop Companion." Tliird 

Edition, 18mo, 2s. 6d. clofii. 

" A perfect vade mecum for all engngcd in mechanical ptirsuits." — Meehania^ JfopeuMie. 
** Every mechanic should become the poenessor of the volume, and a more suitabfe present to an . 
apprentice to any ol the mechanical trades could not possibly be made.** — Building Betes. 

TEMPLETON, W. 

THE OPERATIVE MECHANICS WORKSHOP COMPANION, and THE 
SCIENTIFIC GENTLEMAN'S PRACTICAL ASSISTANT; comprising a 
great yariety of the most useful Rules in Mechanical Science^ divested of 
mathematical complexity ; with numerous Tables of Practical Data and Calcu- 
lated. Results, for facilitating Mechanical and Commercial Tranaactions. By 
W. Templeton, Author of ''The Engineer's, Millwrights, and Machimsfs 
Practical Assistant." Ninth edition, including the Author^s latest correc- 
tions, with the addition of Mechanical Tables for the use of Operative Smiths, 
Millwrights, Engineers, &c., together with several useful and practical Rules 
in Hydraulics and Hydrodynamics, a variety of Experimental Results, and 
an Extensive Table of Powers and Roots. Eleven plates. 12mo, 5s. bound. 

THOMAN. 

THEORY OF COMPOUND INTEREST AND ANNUITIES, WITH 
TABLES OF LOGARITHMS for the more difficult computations of Interest, 
Discount, Annuities, &c., in all their applications and uses for Mercantile and 
State purposes, with a full and elaborate introduction. By Fedor Thoman, 
of the Socidt^ Crddit Mobilier, Paris^ 12mo, cloth, 58. 

** A very powerful work, and the author has a very remarkable command of his subject"— 
ProffUfor A. de Morgan. 

" No biiuker, merchant, tradesman, or man of business, ought to be without Mr. Thoman's truly 
* handy-book.' " — Review. 

" The author of this * handy-book' deserves our thanks." — Insurance Gazette. 

" Wo recommend it to the notice of actuaries and accountants." — Athenaiim. 

TIMBS, JOHN, F.S.A. 

THE YEAR-BOOK OF FACTS IN SCIENCE AND ART. Exhibiting the 
most important Improvements and Discoveries of the Past Year in Mechanics 
and the Useful Arts, Natural Philosophy, Electricity, Chemistry, Zoology and 
Botany, Geology and Mineralogy, Meteorology and Astronomy, By JoHN 
Times, F.S.A., Author of ^'Curiobities of Science," "Things Not Generally 
Known," &c. With steel portrait and vignette, fcap., price 58. cloth. 

e^ This work, published annually, records the Proceedings of the Princii)al Scientific Societies, 
and is indispensable to all who wish to possess a faithful picture of the latest novelties in Science 
nd the Arts. 

The volumes from 1861 to 1860, price 5.9. each, are all on sale. 
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TEAUTWINE, JOHN C. 

THE FIELD PRACTICE OF LAYING OUT CIRCULAR CURVES FOR 
RAILROADS. By Johk C. Trautwinb, C.E., of the United States (extracted 
from Simms's Work on Levelling). Svo, 5s. sewed. 

TEEDGOLD, THOS. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON and OTHER 
METALS; intended for the Assistance of Engineers, Iron-Masters, Mill- 
wrights, Architects, Founders, Smiths, and others engaged in the Construc- 
tion of Machines, Buildings, &c. ; containing Practical Rules, Tables, and 
Examples, founded on a series of New Experiments; with an Extensive 
Table of the Properties of Materials. By the late Tuomas Tbedoold, Mem. 
Inst. C.E., Author of " Elementary Principles of Carpentry," "History of the 
Steam-Engine," &c. Illustrated by several Engravings and Woodcuts. Fifth 
Edition, much improved, with Notes by Eaton HoDaKiNBON, F.R.S. ; to 
which are added EXPERIMENTAL RESEARCHES on the STRENGTH 
and OTHER PROPERTIES of CAST IRON; with the Development of New 
Principles, Calculations Deduced from them, and Inquiries Applicable to 
Rigid and Tenacious Bodies generally. By the Editob. With 9 Engravings 
and numerous Woodcuts. 8vo. 12s. cloth. 

*^* HoDOKiifsoN's Experimental Researches on the Strength and Other 
pROFERTTES OF Cast Iron may be had separately. With Engravings and 
Woodcuts. 8vo, price 6*. cloth. 

TEEDGOLD, THOS. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY; a treatise on the 
pressure and equilibrium of timber framing, the resistance of timber, and the 
construction of floors, arches, bridges, roofs, uniting iron and stone with 
timber, Ac, with practical rules and examples, to which is added an essay on 
the nature and properties of timber, including the method of seasoning, and 
the causes and prevention of decay, with descriptions of the kinds of wood 
used in building ; also numerous tables of the scantlings of timber for diffe- 
rent purposes, the specific gravities of materials, &c. By Thomas Tredgold, 
Civil Engineer. With fifty-three Engravings, a portrait of the author, and 
several woodcuts. Fourth edition, corrected, and considerably enlarged. 
Edited by Peter Barlow, F.R.S. In 1 large vol. 4to, 2L 2s., in extra cloth. 

WEALE'S BUILDEE'S AND CONTEACTOE'S PEICE 

BOOK (published annually). See page 4. 

WEALE'S ENGINEEE'S, AECHITECT'S, AND CON- 
TRACTORS POCKET BOOK (published annually). See page 16. 

WEALE'S SEEIES OF EUDIMENTAEY SCIENTIFIC 

AND EDUCATIONAL WORKS. At prices varying from '1*. to 5s. 

*^* This excellent and cheap series of books, comprising nearly 200 different works 
in almost every department of Science, Art, and Education, is recommended 
to the notice of Mechanics' Institutions, Literary and Scientific Associations, 
Schools and Students generally, and also to Merchants, Shippers, &c. 

Lists may he had on application to Messrs. Lockwood & Co. 

^YEBB, E. B. 

ON IRON BREAKWATERS AND PIERS. By E. B. Webb, C.E., M.LC.E , 
&a, &c With Illustrations. 4to, 2*. sewed. 

WHEELEE, JOHN. 

THE APPRAISER, AUCTIONEER, HOUSE AGENT, AND HOUSE 
BROKER'S POCKET ASSISTANT, for the valuation, purchase, and the 
renewing of Leases, Annuities, Reversions, and of Property generally ; prices 
for inventories, with a Guide to determine the value of the interiors, fittings, 
furniture, &c. By John Whebler, Valuer. 24mo, cloth boards, 2s. 6d. 
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WICKES, C. 

A HANDT BOOK OF VILLA ARCHITECTURE ; being a Series of De- 
■igns for Villa ResideDoes in Various Styles. With Detailed Specifications and 
Estimates. By C. Wickks, Architect, Author of " The Spires and Towers of 
the MedisDTal Churches of England," &c. First series consisting of 30 plates, 
second series, 81 plates. Complete in 1 vol., 4to, price 21, 10«., half morocco. 
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The second series may be had separately, price II, 7«., half morocco. 



WIGHTWICK, GEORGE, Architect. 

HINTS TO YOUNG ARCHITECTS : comprising advice to those who, while 
yet at school, are destined to the profession ; to such as, having passed their 
pupilage, are about to travel ; and to those who, having completed their 
education, are about to practise. By Qeorgb Wiohtwiok, Architect, author 
of *' The Palace of Architecture," ftc. &o. Second Edition, with numerous 
woodcuts. 8vo, 78,, extra doth. 



WEALE'S ENGINEER'S POCKET BOOK. 

THE ENGINEER'S, ARCHITECT'S, AND CONTRACTOR'S POCKET 
BOOK {Lockwood ds Co.% formerly Weal^$), published annually. With Diabt 
OF EvEiTTS and Data connected with Engineering, Architecture, and the 
kindred Sciences. 10 copper plates, and numerous woodcuts. In roan tuck, 6s. 

PRINCIPAL CONTENTS FOB 1867. 



Principal Articles of the Calendar. — General 
Calendar. — Gas Engineers' Calendar. — ^Lati- 
tudes and Longitudes of Public and Private 
Observatories. — Mean Time of High Water at 
London Bridge. — Time of High Water on the 
Full and Change of the Moon at Di£Ferent 
Ports and Places.— The Atlantic Telegraph. — 
Ventilation — Friction of Air in Mines — 
Experiments on Wrought Iron ^late and 
Bar). — Wrought Iron Girders: Kules and 
Formulse for Strains and Sectional areas of 
Flanges and Webs — Construction of Wrought- 
Iron Girders illustrated. — Cast-Iron and Oak 
Columns and PiUars : Rules and Formulas — 
Tables of Dimensions for Solid and Hollow 
Columns. — Cast-Iron Girders : Rules and For- 
mulse — Tables of Dimensions. — Iron Roofs : 
Details of Construction — ^Tables of Dimensions 
for Rafters and Struts — Illustrations of Roof- 
ing, with Dimensions and Scantlings. — Cor- 
rugated Iron Roofs. — ^Waterworks : Gathering 
Grounds — Rainfall, Evaporation and Absorp- 
tion — Rain Gauges — ^Velocity and Discharge of 
Water tibj-ough Pipes. — Reservoirs and Filter 
Beds. —Sewers : Veutilation — Illustrations of 
Forms of Sewers — Gauging— Establishment of 
Overfalls— Quantities of Brickwork in Sewers, 
— Hydraulics : Discharge of Water over Weirs, 
through Rivers, Streams, Sluices — Mouth- 
pieces and Adjutages — Bends and Curves.— 
Water Wheels. — Turbine Water Wheels. — 
Pressure of Water — Pumping — Uydnuilic 
Press. — Gas Works — Coal Distillation — Con- 
stituents and Qualities of Gas — ^Tests— Gas- 
liolders — Retorts — Iron Cements. — Memo- 
randum Book of Mr. Telford : Power of Men, 
Horses, Machines, Wheels and Pinions — 
Friction — Water wheels — Hydraulic Memo- 
randa — Timber — Iron— Strength of Materials, 
&c. — Epitome of Mensuration : Rules and 
Formuke — Tables for Areas of Circular 



Segments, Length of Circular Arcs— Circum- 
ferences and Areas of Circle»— Squares, Cubes, 
and Roots— Fourth and Fifth Powers. — 
Quantities of Materials — Weight of Iron — Bar 
Iron — Birmingham Wire Gauge — Pipes — 
Castings— Laths— Heads and Nuts for Bolts- 
Tinned Iron Sheet— BallB — ^Hoop— Angle, Tee, 
and Sash Iron— Railroad Iron— Tin Plates- 
Copper and Lead Pipes— Earthwork — Sleepers 
— Barrel Drains and Culverts — Ballasting, 
Timber, &c.— Retaining Walls, Rules and 
Formulffi. — Memoranda for Brickwork. — ^Ta- 
bles of Natural Sines, Cosines, Tangents, Co- 
tangents, Secants, Cosecants, with Trigono- 
metrical Notes. — Memoranda relating to Steam 
and the Steam Engine— Proportions of Boilers 
— Engines. — Tables of the Economic Value and 
Composition of Coals. —Fuel— Boilers — Fur- 
naces, &C.-— Table of the Elastic Properties of 
Steam. — Evaporative Power of Coals. — Con- 
sumption of Coal in Steamers. — Knot Tables. 
— Friction— Results' of Experiments. — Spe- 
cific Gravity of Gases.— Dilatation of SoUds— 
Effects of Heat— Thermometers: TaUes for 
Fahrenheit, Reaumur, Centigrade. — Table of 
Specific Gravities. — Stone. — Current Coins of 
the Principal Commercial Countries, and their 
Values in British Money. — Imperial Standard 
Measures of Great Britain. — Commercial 
Weights and Measures of Different Countries, 
and their Equivalent in British Weights and 
Measures. — Table for Converting British 
Weights and Measures into the Decimal 
Metric System.— Setting out Curves. — Table 
for Chaining on Sloping Ground.— Table for 
the Reduction of Feet, Links, and Inches.— 
Obituary for 1866.— List of Members of the 
Institution of Civil Engineers. — List of Mem- 
bers of the Royal Institute of British Archi- 
tects. — Index. 
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%* .^[{[fiYtafui; Voiumct, by Fopular Author; art in Prtparalion. 

MISCELLANEOUS TREATISES. 

2. NATURAL FETL080PHT, hj Cbailm Tomliiuon. U, 
13. FHBUMATIC8, b; Charles Tomliiuon. New Edidoii. It. Bd. 
20. PEBSPB(7riT£,b7 George Pyne. 2t. 
37. PAIHTIHG; or, A GRAMMAR OB" COLOUBIHa. by Q. Kold. 2«. 

40. QLASa STAmiNG, bj Dr. M. A. Geuert, with an Appendix on the Art 

of BauDel Paintiitg;, Ac If. 

41. PAmrmG on glass, from ths Gennsn of FrombeFg. li. 

60. LAW OF OONTBACTS FOE WORKS AND SaiEnCES, br D«»id 

Gibbona. U. 6<;. 
66. CLAY LAUDS AND LOAHT SOILS, br 3. DonKldwn. 1(. 
69. UTTSIC, Tr«atiM on, bj C. C. Bpenoer. 2>. 

71. THE ART OF PLAYING THS PIANOFORTE, by C. C. Bpenoar. I«. 

72. RECENT AND FOSSIL SHELLS (A Manti&I of the Mollows), by 8. P. 

Woodwnrd. With >n Appendix by Ralph Tate. 61. 6d. 
In oloth boutU, If. «d. ; b^ namaao, it. ltd. 
79**. PEOTOaBAFHY, The SUreoKiope, &e., from the Frendi of D. Ytta 

MonokhoTen, by W. H. Thorathmite. li. M. 
96. ASTRONOMY, bj the R«*. H. Main. 1». 
107. METROPOLITAN BUILDINGS ACT, uid THE MKTBOPOLITAN 

ACT FOB EBGULATING THE SUPPLY OP GAS, witii Notai, 

byD.OibboniftndR. HeikBth. 2i.M. 

Virtne & Co. ; sold by^Lockwood ft Co., 7, Stationers' flail Court. 



8CIESTIFIG AND HECHAHICAL W0BK8. 



106. METROPOLIS LOCAL MAKAGEMSNT AOTS. U. M. 
108*. MBTBOPOLIS LOCAL MAKAGSMBNT AMENDMENT ACT, 1862; 
with NotM «nd Lidex. U, 

109. NUISANCES BEMOYAL AND DISEASES PBEVENTION AMEND- 

MENT ACT. 1#. 

110. BECENT LEGISLATIVE ACTS applying tp Contncton, Mercihaiitis 

and Trademen. Is, 
112. DOMESTIC MEDICINE, bj Dr. Balpb Gooding. 29. 
112*. A GUIDB TO HEALTH, U James Baird. U. 
lid. USE OF FIELD ABTILOIBY ON SEBYICB, by Taubert, translated 

by LJeut-CoL H. H. MaxwelL Is, M. 
lia». MBMOnt ON SWOBDS, by Col. Marey, translated by Lieat-CoL H. H. 

MaxwelL 1^. 

140. MODERN FABMING : Soils, Manures, and Crops, by B. Scott Bum. 2s, 

141. MODEBN FABMING; F^uming and Fanning Economy, Historical 

and Practical. Ss, 

142. MODEBN FABMING: Stock— Cattle, Sheep, and Horses. 2s, Qd, 
146. MODEBN FARMING: ManagementoftheDairy— Pigs— Poultry. 2s, 
146. MODEBN FABMING : Utilisation of Town Sewage— Irrigation— Be- 

damation of Waste* Land. 28, Qd, 

Nos. 140, 141, 142, 145; and 146 bound in 2 vols., doth txMxds, 14s. 

150. A TBEATISE ON LOGIC, PUBE AND APPLIED, by S. H. Emmens, 

Esq. Is. 6(2. 

151. A HANDY BOOK ON THE LAW OF FBIENDLY, INDUSTBIAL 

AND PBOVIDENT, BUILDING AND LOAN SOCIETIES, by N. 
White. Is, 

152. PBACTICAL HINTS FOB INVESTING MONEY: with an Expla- 

nation of the Mode of Transacting Business on the Stock Exchange, by 
Francis PUyford, Sworn Broker. Is, 

153. LOCKE ON THE CONDUCT OF THE HUMAN UNDEBSTAND- 

ING, Selections from, by S. H. Emmens. 2s. 

154. GENEBAL HINTS TO EMIGBANTS. 2*. 

166. BMIGBANT'S GUIDB TO NEW SOUTH WALES, WESTEBN 
AUSTBALIA, SOUTH AUSTBALIA, VICTOBIA, AND QUEENS- 
LAND, by James Baird, B.A. 

166. EMIGBANTS GUIDE TO NATAL, by B. J. Mann, M.D. 

167. EMIGBANT'S GUIDB TO TASMANU AND NEW ZEALAND, by 

James Baird, B. A 



PHYSICAL SCIENCE. 



, 1. CHEMISTBY, by Prof. Fownes, indodlng Agrioaitaral Chemistry, for 
the use of Farmers. Is, 

3. GEOLOGY, hy Major-Gen. Portlook. Is. 6rf. 

4. MINEBALOGY, by A. Bamsay, Jun. 29. 

7. ELECTBICITY, by Sir W. S. Harris; la, 6d, 

7«. GALVANISM, ANIMAL AND VOLTAIC ELEOTBICIIY, by Sir W. 
S. Harris. Is, Qd, 

8. MAGNETISM, Exposition of, by Sir W. S. Harris. Ss, ed. 

133. MBTALLUBGY OF COPPEB, by Dr. B. H. Lambom. 2s. 

134. MBTALLUBGY OF SILVBB AND LEAD, by Dr. B. H. Lambom. & 
136. ELBCTBO-METALLUBGY, by A. Watt. Is, '6d. 

138. HANDBOOK OF THE TELEGBAPH, by B. Bond. Is. 
143. EXPEBIMBNTAL ESSAYS— On the Motion of Camphor and Modem 
Theory of Dew, by C. Tomlinson. Is, 

Virtue ft Co., 26, Ivy Lane, Paternoster Bow ; and sold by 



SCIENTIFIC AND MECHANICAL WORKS. 



BUILDING AND ARCHITECTURE. 

16. ABCHHECTUBE, Orders of, bj W. H. Leeds. U. 

17. Styles of, by T. Talbot Buiy. 1*. Qd. 

K.B. The Olden and Styles of Architecture in 1 vol., price 2$, 6d. 

18. — -— Principles of Design, by E. L. Garbett 25. 

22. BUILDING, the Art of, by E. Dobson. U. 6d, 

23. BBICK AND TILB MAKING, by E. Dobson. 2s. 

25. MASONEY AND STONE-CUTTING, by B. Dobson. 2». 
30. DRAINING AND SEWAGE OF TOWNS AND BUILDINGS, . by 
G. D. Dempsey. 2s. 
' (With No. 29, DniiNAGQB of Laud, 2 yoIs. in 1, Ss.) 

86. BLASTING AND QUARRYING OF STONE, AND BLOWING UP 

OF BRIDGES, by Lt.-G^. Sir J. Burgoyne. U, Qd. 
36. DICTIONARY OF TECHNICAL O^ERMS used by Arohiteots, Builders, 

Engineers, Surreyors, &o. 4s, 

In doth boards, 6t. ; half morocco, 6s, 

42. COTTAGE BUILDING, by C. B. Allen. U. 

44. FOUNDATIONS AND CONCRETE WORKS, by B. Dobson. 1«. Qd. 

45. LIMES, CEMENTS, MORTARS, CONCRETE, MASTICS, &o., by G. 

R. Bumell. U, 6d. 
57. WAKMING AND VENTILATION, by C. Tomlinson. 3». 
83»». CONSTRUCTION OF DOOR LOCKS, by C. Tomlinson. 1«. W. 
111. ARCHES, PIERS, AND BUTTRESSES, by W. Bland. 1«. M, 
116^ ACOUSTICS OF PUBLIC BUILDINGS, by T. R. Smith. U. W. 

123. CARPENTRY & JOINERY, founded on Robison and Tredgold. la. Qd. 
123». ILLUSTRATIVE PLATES to the preceding. 4to. 4*. Qd. 

124. ROOFS FOB PUBLIC AND PRIVATE BUIXDINGS, founded on 

Robison, Price, and Tredgold. Is, Qd, 
124*. IR ON R OOFS of Recent Construction— Descriptive Plates. 4to. 4s, 6d, 

127. ARCHITECTURAL MODELLING IN PAPER, Practical Instructions, 

by T. A. Richardson, Architect Is, 6d, 

128. VITRUVIUS'S ARCHITECTURE, translated by J. Ginlt, withPlates. 6s. 
130. GRECIAN ARCHITECTURE, Principles of Beauty in, by the Earl of 

Aberdeen. Is, 

132. ERECTION OF DWELLING-HOUSES, with Specifications, Quantities 
of Materi&Lg, &c., by S. H. Brooks, 27 Plates. 28, 6d, 

160. QUANTITIES AND MEASUREMENTS; How to Calculate and Take 
them in Bricklayers*, Masons*, Plasterers*, Plumbers*. Painters*, Paper- 
hangers*, Gilders*, Smiths*, Carpenters*, and Joiners* Work. With Rules 
for Abstracting, &c. By A. C. Beaton. Is, 

167. THE SLIDE RULE, AND HOW TO USE IT. 



MACHINERY AND ENQINEERINQ. 

33. CRANES AND MACHINERY FOR RAISING HEAVY BODIES, 

the Art of Constructing, by J. Glynn. Is. 

34. STEAM ENGINE, by Dr. Lardner. Is. 

43. TUBULAR AND IRON GIRDER BRIDGES, including the Britannia 

and Conway Bridges, by G. D. Dempsey. Is. 6d, 
47. LIGHTHOUSES, their Construction &Illumination, by Alan Stevenson. Ss, 
59. STEAM BOILERS, their Construction and Management, by R. Armstrong. 

With Additions by B. Mallet. U. 6d, 
62. RAILWAY CONSTRUCTION, by Sir M. Stephenson. U, Qd, 

Lockwood & Co., 7| Stationers' Hall Court, Ludgate Hill. 
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62». RAILWAY CAPITAL AND DIVIDENDS, witii Btatiftiot of Workixig, 

br S. D. Ghattaway. 1«. 

(VoIb. 62 and 62* bound in 1, 1«. 6<;.) 
67. CLOCKS, WATCHES, AND BELLS, by B. B. Deniion. St.Bdr 
7& STEAM AND LOCOMOTION, on the Principle of connecting Science 

with Practice, by J. SewelL 2«. 
78*. THE LOCOMOTIYE ENGINE, by G. D. Dempsey. 1«. ^. 
79». ILLUSTRATIONS TO THE ABOVE. 4to. 4». W. 
^ MECHANISM AND MACHINE TOOLS, by T. Baker; and TOOLS 

AND MACHINEBY, by J. NacmyOi. With 220 Woodcuts. 2t. Qd. 

114. MACHINEBY, Constmotion and Working, by C. D. AbeL 1«. M. 

115. PLATES TO THE ABOVE, ^to. 7». Si. 

139. STEAM ENGINE, Mathematical Theory of, by T.Baker. 1«.' 
166. ENGINEER'S GUIDE TO THE ROYAL AND MERCANTILB 
NAVIES, by a Practical Engineer. Berifled by D. F. McCarthy. Se, 



CIVIL ENGINEERING^ fcc. 

18. CIVIL ENGINEERING, by H. Law and G. R. BomelL 4b. Qd. 
29. DRAINING DISTRICTS AND LANDS, by G. D. Dempeey. 1«. 

(With No. 30, DftAiHAGS ahd Skwaos or Towns, 2 toIs. in 1, Ss,) 
31. WELL-SINKING, BORING, AND PUMP WORE, by J. G. Swindell, 

revised by G. R. BomelL 1«. 
46. ROAD-MAKING AND MAINTENANCE OF MACADAMISED 

ROADS, by Gen. Sir J. Bnrgoyne. 1«. M. 

60. LAND AND ENGINEERING SURVEYING, by T.Baker. 2». 

63. AGRICUI/rURAL ENGINEERING, BUILDINGS,MOTIVEPOWERS, 

FIELD MACHINES, MACHINERY AND IMPLEMENTS, by G. 

H. Andrews, C.E. 3«. 
77*. ECONOMY OP FUEL, byT. S. Prideanx. 1«. 
80». EMBANKING LANDS FROM THE SEA, by J. Wiggins. 28. 
82. WATER POWER, as appUed to Mills, &c., by J. Glynn. 2$. 
82»». A TREATISE ON GAS WORKS, AND THE PRACTICE OF 

MANUFACTURING AND DISTRIBUTING COAL GAS, by S. 

Hughes, C.E. Ss, 
82***. WATER-WORKS FOR THE SUPPLY OF CITIES AND TOWNS, 

by 8. Hughes, C.E. Ss. 

117. SUBTERRANEOUS SURVEYING, AND THE MAGNETIC VARI- 

ATION OF THE NEEDLE, by T. Fenwick, with Additions by T. 
Baker. 28. 6d. 

118. CIVIL ENGINEERING OF NORTH AMERICA, by D. Stevenson. 3s. 

120. HYDRAULIC ENGINEERING, by G. R. Bumell. 3». 

121. RIVERS AND TORRENTS, with the Method of Regulating their 

COURSE AND CHANNELS, NAVIGABLE CANALS, &c., from the 
Italian of Paul Frisi. 28. Qd. 
125. COMBUSTION OF COAL, AND THE PREVENTION OF SMOKE, 
by C. Wye Williams, M.I.C.E. 3*. 



SHIP-BUILDING AND NAVIGATION. 

51. NAVAL ARCHITECTURB, by J. Peake. 3». 

03*. SHIPS FOR OCEAN AND RIVER SERVICE, Construction of, by 

Captain H. A. Sommerfeldt. U. 
63*». ATLAS OF 16 PLATES TO THE ABOVE, Drawn for Practice. 

4to. 7*. 6d. 



Virtue & Co., 26, Ivy Lane, Paternoster Row ; and sold by 



SCIENTIFIC AND ICECHANICAL WORKS. 



54: ICASTING, MASI-MAXING, and BIQGINQ OF SHIPS, bj B. Kip- 
ping. "!»• &bL 
54«. IRON SHIP-BUILDING, hy J. Grantham. 2^. Qd. 
M». ATT.AH OF 24 PLATES to the preceding. 4to. 22«. ed, 

65. NAVIGATION ; die SaUor's Sea Book : How to Keep the Log and Work it 
oSfifO.; Lawof Storms, and Explanation of Terms, by J. Greenwood. 2s. 

80. MABINB ENGINES, AND STEAM VESSELS, AND THE SCREW, 

bj R. Murray. 29. 6d. 
.83 Ha. SHIPS AND BOATS, Form of, by W. Bland. 1«. Qd. 
99. NAUnOAL ASTRONOMY AND NAVIGATION, by J. R. Young. 2». 
100». NAVIGATION TABLES, for Use with the abom U. Qd. 
106. SHIPS' ANCHORS for aU SERVICES, by G. CotselL U. M. 
149. SAILS AND SAIL-MAKING, by R. Kipping, N.A. 29. 6d, 

155. ENGINEER'S GUIDE TO THE ROYAL AND MERCANTILE 
NAVIES, I7 a Practical Engineer. 3^. 



ARITHMETIC AND MATHEMATICS. 

6. MECHAmCS, by Charles Tomlinson. Is. 6d. 

32. MATHEMATICAL INSTRUMENTS, THEIR CONSTRUCTION, USE, 
&C., by J. F. Heather. U, 6d, 

61*. READY RECKONER for the Admeasurement of Land, Tables of Work 
at from 28,6d. to 208. per acre, and valuation of Land from £1 to 
£1,000 per acre, by A. Arman. 1«. Qd. 

76. GEOMETRY, DESCRIPTIVE, with a Theory of Shadows and Pers^- 
tiye, and a Description of the Principles and Practice of Isometncal 
Projection, by J. F. Heather. 28. 

83. COMMERCIAL BOOK-KEEPING, by James Haddon. U. 

84. ARITHMETIC, with numerous Examples, by J. R. Young. U.M. 
84*. KEY TO THE ABOVE, by J. R. Young. U. ^d. 

85. EQUATIONAL ARITHMETIC : including Tables for the Calculation 

of Simple Interest, with Logarithms for Compound Interest, and An- 
nuities, oy W. Hipsley. In Two Parts, price U: each. 

86. ALGEBRA, by J. Haddon. 28, 

86*. KEY AND COMPANION TO GDHE ABOVE, by J. R. Young. U. Qd. 

88. THE ELEMENTS OF EUCLID, with Additional Propositions, and Essay 
on Logic, by H. Law. 29. 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, by J. Hann. U. 

91. PLANE TRIGONOMETRY, by J. Hann. U. 

92. SPHERICAL TRIGONOMETRY, by J. Hann. U. 

Nob. 91 and 92 in 1 vol., price 2s, 

93. MENSURATION, by T. Baker. U, 6d, 

94. MATHEMATICAL TABLES, LOGARITHMS, with Tables of Natural 

Sines, Cosines, and Tangents, by H. Law, O.E. 28, Qd. 
97. STATICS AND DYNAMICS, by T. Baker. U. 

101. DIFFERENTIAL CALCULUS, by W. S. B. Woolhouse. Is. 

101*. WEIGHTS, MEASURES, AND MONEYS OF ALL NATIONS ; 
with the Principles which determine the Rate of Exchange, by W. S. B. 
Woolhouse. U, 6d. 

102. INTEGRAL CALCULUS, RUDIMENTS, by H. Cox, B.A. Is. 

• ■ ■ ■■ ■ , .. ■ ■ ■ — 

Lockwood & Co., 7, Stationers' Hall Court, Ludgate Hill. 
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108, PraaqB AL OALOULUS, Eiamplw of; by J. Hann. U. 

104. DIFFERENTIAL CALCULUS, XnmplM o^ wilh Solutions hj J. 

Haddon. 1«. 

105. ALGEBRA, GSOMEIEY, and TRIGONOMBIRr, in Easj Mnemo- 

nioal LeMont, bj tho Ber. T. P. inrlnmn, 1«. 6i. 

181. BEADY-RECKONER FOB MHiLERft FABIOBBS, AND MEB- 
CHANTS, showing the Yalno of aaT Qcuuitity of Corn, with the Ap* 
prozimAte Yalnes of Mill-etones & MiU Woik. 1«. 

186. BUDIMENTABY ABTTHMETIC, bj J. Heddon, edited by A. Arman. 

u.ed. 

187. XEY TO THE ABOVE, by A. Annan. U.6tL 

147. STEPPING STONE TO ABITHMETIO, by Abraham Annan, Sohool- 

maater, Thnrleigh, Beds. 1«. 

148. KEY TO THE ABOVE, by A. Annan. U 



NEW SERIES OF EDUCATIONAL WOBKS. 



[I%is Seriet is kept in three styles of binding — the pricee of each are given 
in columns at the end of the Unesl\ 



1. ENGLAND, History of, by W. D. Hamilton 

5. GREECE, History of, by W. D. Hamilton and E. 
Lerien, M.A 

7. ROME, History of, by E. Levien, MA. 

9. CHRONOLOGY OF HISTORY, LITERATURE, 
Art, and Progress, from the earliest period to the pre- 
sent time •....•.. 

11. ENGLISH GRAMMAR, by Hyde Clarke, D.CX. . 
11*. HANDBOOK OF C0MPARA1?IVB PHILOLOGY, 

by Hyde Clarke, D.CL 

12. ENGLISH DICTIONARY, above 100,000 words, or 

50,000 more than in any existing work. By Hyde 
Clarke, D.CL. . . . * . • 
^ ^tjj Ghnmmar • 

14. GREEK GRAMMAR, by H. C. Hamilton . 

16. DICTIONARY, by H. R. HamUton. Vol. 1 



17. 



Greek — English 



Complete in 1 vol 



Vol. 2. English— Greek 



-, with Grammar 



19. LATIN GRAMMAR, by T. Goodwin, M.A. 

20. DICTIONARY, by T. Goodwin, M.A. Vol. 1 



22. 



Latin — English 



Complete in 1 vol. 



Vol.2. English— Latin 



-, with Grammar 
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Virtue & Co., 26, Ivy Lane, Paternoster Row ; 
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NEW 8EBIES OF EDUCATIONAL WORKS. 



24. FRENCH GBAMICAB, bj G. L. StrauBs . 

26. DICTIONARY, by A. Elwoa. Vol. 1 



26. 



Frencsh — English 



Complete in 1 yoI 



VoL 2. English—French 



wiih Grammar 



27. ITALIAN GBAMMAB, by A. Elwes . 

28. . TRIGLOT DICTIONARY, by A. Elwes 



90. 
32. 



VoL 1. Italian— English — Frencsh 

Vol. 2. English— Italian— French 

Vol. 3. French— Italian— English 

Complete in 1 vol. 

with Ghrammar 



34. SPANISH GRAMMAR, by A. Elwes 

36. ENGLISH AND ENGLISH-SPANISH 

DICTIONARY, by A. Elwes . 

wiih Grammar 



39. GERMAN GRAMMAR, by G. L. Strauss 



40. 
41. 

42. 
43. 



READER, from best Authors 
TRIGLOT DICTIONARY, by N. E. S. A 



Hamilton. Vol. 1. English — German — ^French 

Vol. 2. Gterman — Enelish — French 

Vol. 3. French— English— German 

: — Complete in 1 vol. . 

with Ghrammarj 



44. SBBfiEW DICTIONARY, by Dr. Bresslan. Vol. 1 

Hebrew^English 

, with Grammar . 

46. Vol. 2. English— Hebrew 

-Coxn^ete, with Grammar, in 2 vols. 
GkRAMMAR, by Dr. Bresslau 



46*. 

47. FRENCH AND ENGLISH PHRASE BOOK 

48. COMPO SITION AND PUNCTUATION, by J. Brenan 

49. DERIVATIVE SPELLING BOOK, by J. Rowbotham 




1 

1 6 

2 6 
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20 
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1 
1 
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GREEK AND LATIN CLASSICS, 

With Explanatory Notes in English. 

LATIN SERIES. 

.1. A NEW LATIN DELECTUS, with Vocabularies and Notes, by 

H. Young ....••....• Lt, 

2. CiBSAR. De Bello Gallico ; Notes by H. Young ..... 2s. 

a CORNELIUS NEPOS ; Notes by H. Young la. 

4. VntGIL. The Georgics, Bucolics, and Doubtful Poems; Notes by 

W. Rushton, M.A., and ti. Young U.6d, 

Lockwood ft Co., 7, Stationers* Hall Court; Lndgate Hill. 
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GREEK AND LATIN CLASSICS. 



5. VntGlL. iBneid ; Notet by H. Young 29. 

6. HORACE. OdM, Epodei, and Ourmen Seonlare, by XL Young . Is. 

7. HOAACB. fibtiTCt and ^iitlet, hj W. B. Smith, M. A., . 1«. ed. 

8. SALLUSr. Oitilina and Jngnrthine War; Notes by W. M. 

Bonne, B.A. 1«.6<2. 

9. TERENCE. Andria and Heaatontimonunenoa ; NotM by the Be?. 

J. BaTiea, M.A. U,6d. 

10. TERENCE. Adelphi, Heoyra, and Fhormio; Notes by the Ber. 

J. DaTiei, M.A. 2i, 

TERENCE. Eonnrohiia; Notes by J. Dayies, M.A. . U. 

14. CICERO. Be Amioitia, de Seneotate, and Brntni; Notes by •the 

Ber. W. B. Smith, MjL 2$, 

16. LIVY. Books i., ii, by H. Young 1«. 6rf. 

16*. LIVY. Books iii., ir., t., by H. Young 1». 6rf. 

17. LIVY. Books zzi., zziL, by W. B. Smith, M JL . Is.M. 

19. CATULLUS, TIBULLUS, OVIB, and PROPERTIUS, Selections 

from, by W. Bodham Bonne 2«. 

20. SUETONIUS and the later JMn Writers, Selections from, by W. 

Bodham Bonne 2f. 



GREEK SERIES. 

1. A NEW GREER BELECTUS, by H. Young . 

2. XENOPHON. Anabasis, i. il. iii., by H. Young 

3. XENOPHON. Anabasis, iy. y. vi. vii., by H. Young 

4. LUCIAN. Select Bialogues, by H. Young 

5. HOMER. Biad, i. to yi., by T. H. L. Leary, M.A. . 
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